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ABSTRACT 
A geomorphic reconnaissance has been made of the 
small arcuate Blow River delta which is prograding 
over the western portion of the subaqueous Mackenzie 
River delta on the coast of the Beaufort Sea in the 
American Arctic. 
The geology and geomorphology of the drainage area 
is reviewed and the larger geologic units; the Richardson 
and Barn Mountains, the Arctic Plateau, and the Arctic 
Coastal Plain, are delimited and generally described. 
Utilizing meteorological data from the nearby 
Shingle Point DEW Line Station and hydrologic data 
gathered during the field season, some of the hydro-
meteorological relationships are analyzed; particularly 
those conditions occurring during breakup and postbreakup 
flooding. Other hydrometeorological data concern the 
types of floods encountered in the Blow River delta, the 
generalized flow regime typical of the dry and frozen 
periods, the intrusion of salt water from the Beaufort 
Sea, and the character of sediment transport. 
The major subaerial environments of the Blow River 
delta are the alluvial flood plain, both the upper and 
lower deltaic plains, the beach-ridge system to the 
west, and the marginal plain to the east which merges 
with the western marginal plain of the Mackenzie River 
delta. These major components provide a base for 
XII 
a more detailed treatment of the deltaic process-form 
relationships. 
Distributary channel morphology and processes 
comprise the major portion of the study. Accretionary 
gravel bars, the history of which receives special 
attention, progress from initial deposition through 
vertical and horizontal accretion to either destruction 
or incorporation into the floodplain. The three most 
conspicuous bars are the classic convex point bar, the 
reversed point bar which builds out from an abandoned 
concave cutbank as the result of either rapid lateral 
channel migration or channel diversion upstream, and 
the mid-channel transverse gravel bar. These fluvially 
deposited features are modified by ice-shove, vegetative 
colonization and stabilization, debris accumulation, chute 
cutoff flow maintenance, and gravel plugs. 
The delta contains two types of leveesj one is 
high and contains much wind deposited sediment, the 
other low and is constructed by fluvial processes. 
The former is restricted to portions of the upper delta, 
while the latter occurs throughout the distributary 
system. Any significant fluvial modification of the 
levees is affected by the vegetative binding of the 
upper layers and permafrost conditions. Levee bank 
recession characteristics are compared and contrasted 
with other Arctic rivers. 
It was found that the Blow River delta is similar 
in several aspects to other deltas described in the 
geomorphic literature. Channel configurations, bi­
furcation and closure within the distributary system, 
progradation and, recession of the delta front, and 
the processes of compaction and subsidence appear to 
closely resemble those in mid-latitude and tropical 
deltas. 
Dissimilarities between the Blow River delta and 
other deltas, even those of the Arctic, occur in 
levee construction and destruction, annual flow regime, 
point bar construction and modification, and the in­
fluence of storm surges. 
INTRODUCTION 
Changes which commonly occur in the natural land­
scape of the American Arctic during the transition from 
winter to summer are little understood. For the most 
part the literature concerned with such seasonal changes 
in the Arctic is general in nature. Only in a few in­
stances have specific processes been carefully described 
and measured. 
In order to help rectify this undesirable situation 
the Arctic Institute of North America has initiated a 
series of long-term investigations under the title: 
"Arctic Environmental Studies." Specific studies con­
cerned with seasonal change are receiving high priority. 
Although dealing generally with seasonal change, 
the research upon which this report is based was con­
cerned specifically with two things; a survey of the 
morphology, and an analysis of the formational processes 
operating in the Blow River delta, Canada (Figure 1). 
The Blow River delta, Iftikon Territory, Canada, 
68°55'N, and 137°05'W, approximately 20 square miles 
in size (£1.80 km. ), is presently prograding into the 
shallow water over the western section of the subaqueous 
Mackenzie River delta. 
Configuration of the Blow River delta is that of 
the classic arcuate type (Figure 2). The river and 
delta are still in a completely natural condition. No 
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Figure 1 - Location map. 
Figure 2 - The Blow River delta. Source of photograph: 
Air Photo Division, Energy, Mines and Resources, Canadian 
Government, 1956. 
controls on natural processes have been imposed by man. 
Human activities are visible only in the form of ve­
hicle tracks and camp sites. However, oil drums, hewn 
lumber, gasoline cans, plastic outboard motor oil con­
tainers, and other cultural debris are plentiful in the 
lower portions of the delta where they become lodged 
after washing ashore during storms. 
No detailed studies of any portion of the Blow 
River delta have been undertaken to our knowledge. 
Although a few passing remarks appear in the literature, 
none provide more than a superficial introduction to 
the area. 
The field season began on May 19, 1967, about 10 
days after initial river flow had begun, and was ter­
minated on July 21, 1967» by which time summer low-water 
flow regime had been established. 
CHAPTER I - THE PHYSICAL SETTING 
The Blow River drainage basin,"1" 1,24.39 square miles 
2 ? 
in area, (3,727 km. ), is the third largest in coastal 
Canada west of the Mackenzie River. The basin is com­
posed of four distinct geomorphic units of unequal size. 
The Richardson Mountains comprise l\2 percent of the area, 
the Barn Mountains 15 percent, the Arctic Plateau 36 
percent, and the Arctic Coastal Plain three percent. 
Pour percent of the area consists of undifferentiated 
highlands (Figure 3)» 
Geology and Geomorphology^ 
Richardson Mountains. The largest distinct geologic 
unit in the drainage basin is the northernmost portion 
of the Richardson Mountains with elevations in excess of 
3,500 feet (1,067 m.). These mountains constitute the 
northern segment of the Rocky Mountain Physiographic 
Province. 
1 
Terminology used in this report follows the standard 
reference definitions. Examples: Amer. Geol. Inst., 
Glossary of Geology, 1962; Monkhouse, A Dictionary of 
Geography, 1965; ADTIC, Glossary of Arctic and Subarctic 
Terms, 1955* and the U. S. Navy Hydrographic Office, 
Functional Glossary of Ice Terminology, 1952. 
2 
The drainage area was calculated by using a Keuffel 
& Esser model 62-0000 Compensating Polar Planimeter on 
the Canadian Surveys and Mapping Branch Blow River sheet 
117A, edition 1, 1:250,000, 1962. 
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Figure 3 - Geology and major physiographic units of the 
Blow River drainage basin. 
Although all rocks are sedimentary and range in 
age from the Precambrian to Late Cretaceous, most 
are Paleozoic and Mesozoic sandstones, conglomerates, 
3 
Geologic research in the Blow River drainage basin has 
been generalized reconnaissance without borehole logs to 
aid in subsurface interpretation. Air photo interpreta­
tion of the surficial geology has been conducted by 
several oil companies with subsequent specimen collec­
tion and field party mapping. Results of this research 
would allow a much more comprehensive geologic chrono­
logy but they are not available to the public. 
limestones, and shales (Norris and others, 1963, map; 
Gleeson, 1963, p.l). Intrusive and highly metamor­
phosed rocks are absent (Gabrielese, 1957* p.lj-). 
The Richardson Mountains, uplifted in the early 
Tertiary, are folded (Martin, 1959b, p.2399). The 
north-south axis is approximately 160 miles long 
(257.5 km.); width varies from 15 to $0 miles (2I4..I to 
80.5 km.). Gabrielese has stated that "The topography 
is relatively mature; slopes are controlled chiefly by 
dips of strata and by joints roughly perpendicular to 
bedding" (1957, P-3). 
Barn Mountains. The small compact physiographic 
unit called the Barn Mountains is topographically iso­
lated. It rises out of the surrounding hills of the 
Arctic Plateau in the southwestern portion of the Blow 
River drainage basin and is separated from the Richard­
son Mountains by a saddle over 1,000 feet (301^.8 m.) 
above sea level. 
The structure is complex and highly varied. The 
mountains are inliers of strongly faulted early Paleozoic 
rocks that were somewhat metamorphosed during a late 
Middle Devonian or Upper Devonian period of orogeny 
(Martin, 1959a, p.19). The mountain structure trends 
north-south with the beds dipping northward beneath the 
Arctic Plateau and Coastal Plain (Ibid). 
Martin states that the Ordovician and Silurian 
sequences "are composed of strongly faulted black 
shales and black and green bedded cherts, with some 
green shales. The thickness of beds could not be 
estimated but it is undoubtedly large" (1959b, p.2lj.ll). 
Arctic Plateau and Arctic Coastal Plain. The Arctic 
Plateau of the Blow River drainage area (Figure 3)» is 
characterized by gently rolling hills that meld into, 
and sometimes appear to be, foothills of the Richardson 
and Barn Mountains. The Plateau is almost totally Cre­
taceous shale and sandstone which are usually overlain 
by a veneer of unconsolidated gravels, sands, silts, 
and clays. 
The Coastal Plain bordering th<5 Arctic Ocean is 
relatively narrow. Along its seaward edge is a re­
markably straight bluff approximately 120 feet (36.3 m.) 
in height that trends WNW-ESE.^" The plain is relatively 
flat with scattered hills. At a distance of 10 miles 
(16.1 km.) south of the ocean the Plain merges with 
the Arctic Plateau. 
Underlying the Coastal Plain of the Mackenzie delta 
and adjacent areas is a geosynclinal prism of sedimentary 
rocks somewhat analogous to that beneath the Gulf Coast 
of the United States (Martin, 1959a, p.l). 
Glaciation of the Arctic Plateau and Coastal Plain 
5 
Elevation at the Shingle Point DEW Line Station (BAR 2) 
landing strip is 120 feet (36.6 m.) above mean sea level. 
is documented by several authors. Bostock postulates 
that during the Wisconsin, ice pushed northward down the 
present Mackenzie River valley and around the north end 
of the Richardson Mountains. It continued northwest­
ward along the lower Arctic Coastal Plateau and the 
Arctic Coastal Plain to the Firth River 75 miles 
(120.7 km.) west of the Blow River (1961, p.115; 1965, 
p.35 and 37; also Mackay, 1963a, p.22). 
Craig and Fyles state that unconsolidated clays, 
silts, sands, and gravels several hundred feet thick lie 
beneath the Coastal Plain and extend west of the Mac­
kenzie River to the Alaskan boundary and beyond (1961, 
p.lj.08-ij.09). These unconsolidated sediments were laid 
down at various times during the Pleistocene and late 
Tertiary. Laurentide glacial ice then overrode the 
area, possibly during a Pre-Wisconsin glaciation (Ibid). 
An exposure of Cretaceous rock outcrops in the 
Blow River valley 1.5 miles (2.1j. km.) upstream from the 
delta apex. When viewed from a distance the exposure 
appears to be made up of unconsolidated materials 
which are slumping into the river (Figure l\.). However, 
upon closer inspection, it can be seen that the lower 
half, which is approximately 50 feet (l5.2lj. m.) in 
thickness, is composed of highly contorted shales and 
sandstones (Figure 5). These rocks are undoubtedly 
the northern edge of the Cretaceous materials that dip 
Figure lj. - Faceted bluffs of the lower alluvial 
valley appearing as unconcolidated materials 
from a distance. 
•Figure 5 - Close-up panoramic view of a portion of Fig­
ure ij.. (A) Contorted shales and sandstones. (B) Gla­
cial outwash. Bluff is approximately 110 feet high 
(33.53 m.). 
beneath the Arctic Plateau farther south. The contact 
between these materials and the unconcolidated, hori­
zontally-stratified sediments above is distinct and 
linear. 
Planation of the shales and sandstones could be 
11 
due to either marine erosion or glacial erosion with 
subsequent uplift by faulting, faulting and isostatic 
rebound, or just isostatic rebound. Deposition of the 
unconsolidated sediment of glacial outwash could have 
been either marine or fluvial depending upon the 
sequence of the events of planation and sedimentation. 
It appears unlikely that the unconsolidated sedi­
ments were deposited in a marine environment because 
nine samples taken from the eastern bluff near the 
delta apex proved barren of microfossils. Sample depths 
ranged from two to 12 feet (0.6 to 3*66 m.) below the 
crest of the bluff scarp. Mackay collected and examined 
samples from the bluff top at the Shingle Point DEW Line 
Station six miles (9.7 km.) to the west of the delta 
apex, but that locale also failed to yield microfossils 
(1963a, p.39). 
Climate 
The climate of the coast of the western American 
Arctic is characterized by long, cold winters of seven 
to eight months duration, and short, cool summers last­
ing three to four months. The transition from winter 
to slimmer is abrupt with a rapid increase in the mean 
daily temperature. Summer to winter transitions are 
equally abrupt with inverse temperature changes. 
Snow cover in the delta lasts approximately eight 
months, however in sheltered locations, such as northeast-
facing slopes, it may last 12 months. Typically the snow 
cover is thin, although drifts of appreciable size form 
in the more protected areas. 
The Blow River delta is in the area of continuous 
permafrost (Figure 6; Brown, I960, p.l71)> a condition 
resulting from a prolonged period of annual temperatures 
below freezing. This condition is recorded in Figure 7 
wherein the mean temperature for the decade 1958-1967 
is 13.5°F. (-10.3°C.). 
Thickness of continuous permafrost varies with the 
locality; some areas having thicknesses in excess of 
1,000 feet (30ij..8 m.). Generally the greatest thickness 
occurs in the Arctic, with a thinning of the frozen mass 
toward the south (Brown, I960, p.163). However, in 
recently deposited materials permafrost may be quite 
thin, or even absent. Mackay states that permafrost in 
the distal portion of the Mackenzie River delta has a 
thickness of 100 feet (30.5 *&.) or less, which could be 
attained in less than 200 years (1967* P»795)« As the 
Blow River delta is contiguous with the Mackenzie River 
delta it appears likely that similar depths prevail. 
Thickness of the active layer depends on type of 
vegetation, soil composition, and exposure to sunlight. 
In sheltered, heavily-vegetated areas the ground had 
thawed only nine to 12 inches (22.9 to 30.5 cm.) by 
mid-July. Exposed sands on levee crests were probed, 
13 
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Figure 6 - Permafrost limits of Canada (after Brown, 
I960). 
to depths in excess of three feet (0.9 m.), before 
contact was made with the frozen layer. 
Climate Controls. Factors controlling the cli­
mate of the western American Arctic are here considered 
as three in number; insolation, air masses, and the 
Beaufort Sea. 
At the latitude of 69°N, insolation^ varies greatly 
during the year; ranging from maximum during periods 
5 
Insolation measurements were made with a spring wound 
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Figure 7 - Monthly mean temperatures, 1958-1967, Shingle 
Point DEW Line Station (BAR 2)6. 
of continuous sunlight to none when the sun is con­
tinuously below the horizon. The sun also exhibits 
a diurnal cycle in its attitude above or below the horizon. 
The energy received during the year is far less 
than in lower latitudes for two reasons; the lack of 
sunshine for a portion of the year and the loss of 
energy because of reflection from snow and ice. The 
result is that the annual heat loss is greater than 
incoming energy (Abrahamsson, 1966, p.17). 
15 
Shingle Point DEW Line Station (BAR 2) will hereafter 
be referred to as shingle Point which is the designation 
given the site by the Meteorological Branch of the 
Canadian Government. BAR 2 is the code name for the 
station. 
Daily variation in insolation for the Blow River 
delta during two selected periods of one week each 
is shown in Figure 8. In Figure 8A the trace indicates 
the amount of insolation received under both cloudless 
and partly cloudy conditions during the period of time 
preceding the spring flood. Figure 8B illustrates 
the effect of clouds and fog on the amount of insola­
tion received in July. 
Local weather variation is in the main a product 
of low pressure cells moving through the area from the 
west. Many of these storms originate in the Arctic 
Ocean. Some even originate as far away as the Norwegian 
or Barents Seas and reach the Blow River delta only 
after circling the pole in a westward movement along 
the Eurasian coast (Can. Hydro. Serv., 1961, p.3). 
Precipitation frequently accompanies the passage of these 
cyclonic storms. 
Most of the high pressure cells which form over 
the Arctic Ocean during any season move south into the 
continent. Before moving south, some of the cells 
become stationary over the Beaufort Sea for short periods 
of time (Ibid). 
Generally, however, during winter the area is 
dominated by the Continental Arctic air mass. As in­
solation increases in the spring this air mass moves 
northward over the sea and finally dissipates. It is 
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Figure 8 - Selected pyrheliometer records. (A) May 29th to June 5th, 1967. 
(B) July l-7» 1967. Insolation is expressed in calories per minute per 
square centimeter. 
replaced by the Maritime Arctic air mass. The transi­
tion from winter to summer brings a change from cold 
dry air to warm, moist air (Abrahamsson, 1966, p.l8). 
Climate modification by moderating effects of a 
large water body is a well established fact. Data 
from Shingle Point show that in the winter temperatures 
are two to five degrees Fahrenheit (1.1 to 2.8°C.) 
higher than they are at the Tuktoyaktuk and Aklavik 
recording sites, both of which are within ij.0 miles 
(6ij..lj. km.) of the sea in the Mackenzie delta. Ap­
proximately the same temperature differential occurs 
in the summer, but in reverse, with the coastal station 
having lower temperatures than the stations inland. 
Temperature. Weather records have been collected 
at Shingle Point since 1958. They include maximum and 
minimum temperatures and precipitation. Although there 
are gaps, the records are sufficiently complete to pro­
vide an insight into the climate. Appendix I summarizes 
the temperature data recorded at Shingle Point. 
The data show that January and February are the 
co3.dest months, both averaging -16.9°F. (-27«2°C.).^ 
7 
Problems arise when dealing with the original station 
documents as several daily mean temperatures were found 
to be in error as were some monthly mean temperatures. 
Corrpctions are included in this report; they are not 
in the various government data summary sheets. 
18 
Since many of the records for the months of January and 
February are missing it is not possible to determine 
which month has the lowest average temperature. Mackay 
designated January as the coldest month at Shingle 
Point (1963a, p.153). In any one particular year, 
however, March or possibly Deceitber might have the low­
est average monthly temperature. 
The change in temperature during the transition 
from winter to summer is abrupt. An increase of ap­
proximately 20°F. (11.1°C.) in mean monthly tempera­
ture is recorded between both April-May and May-June. 
The decrease in average temperature is equally great 
during the transition from summer to winter; i.e., 
between September and November. 
Precipitation. Total annual precipitation is 
less than 10 inches (2$l±.0 mm.). Most of it falls as 
rain in summer during the passage of low pressure sys­
tems from the northwest. Although snow may fall during 
any month, it is uncommon during June, July, and August 
(Appendix II). Precipitation figures are suspect be­
cause methods of measuring snowfall during periods of 
high wind have not yet been perfected. Black calcu­
lates that records for Point Barrow, Alaska, show preci­
pitation totals two to four times smaller than the 
amounts which actually fall {195l±, p.203). Hilmers 
found that 32 percent of the snow falling was not re­
corded in an experiment in Idaho (1952, p.65-68). 
Precipitation records are not available for any 
portion of the actual drainage area. The Shingle Point 
precipitation figures; 59 percent rain, and ij.1 percent 
snow for the years recorded should not be assumed to be 
reliable guidelines for the mountainous drainage area. 
In May and June, 1967* some of the fronts which passed 
over the delta left only traces of precipitation. These 
parcels of warm, moist maritime air from the Beaufort 
Sea moved inland and while rising up the sides of the 
Richardson and Barn Mountains contributed orographic 
precipitation to the drainage basin. After these 
storms the snowline usually appeared to be located at 
the foot of the mountains. This drainage basin precipi­
tation was later reflected in a rise of the river stage 
in the delta. 
Wind. During the field season winds out of the west 
and northwest preceded and accompanied foul weather. 
Light east winds were usual during fair weather; strong 
east winds were frequently followed by a change in weather. 
The strongest winds experienced during the 1967 field 
season were out of the southwest and were accompanied 
by excellent weather. 
Q 
Southwesterly winds of the katabatic type were 
B 
For information concerning the local winds and their 
relation to the naming of the delta see Appendix III. 
invariably of sufficient strength to raise dust from 
the flood plain to heights sufficient to mask the view 
of the mountains from the delta. This cold air flowed 
down the Richardson and Barn Mountains and through the 
mountain passes where it was funnelled into the incised 
valley of the Blow River. Dickey attributes this 
Yukon Coast katabatic flow to high pressure cells in 
the interior of Alaska or the Yukon and concurrent low 
pressure over the Beaufort Sea (1961, p.797-798). 
Observations over an eight-month period at Shingle 
Point indicate that winds are predominantly from the 
southwest and northwest. Although winds in excess of 
30 knots (15.i|. m/s) occur in both of these quadrants, 
strong winds are most commonly out of the southwest 
(Can. Hydro. Ser., 1961, p.10). Unfortunately wind 
records are not kept with any regularity at the DEW 
Line Station and there are no summaries available from 
the Meteorological Branch of the Canadian Government 
for Shingle Point. 
CHAPTER II - HYDROLOGY 
The hydrologic conditions in the Blow River are 
delimited by the type of floods, the flow during dry 
and frozen periods, the intrusion of salt water from 
the Beaufort Sea, and the character of sediment trans­
port. Unfortunately fluvial hydraulics can only be 
dealt with on a macroscale because of inefficient 
mobility on the river courses and lack of a current 
meter and a recording fathometer. 
The discussion that follows is divided into four 
sections; hydrologic year and river state, river stage, 
river ice, and suspended load. For the most part dis­
cussion centers around the data collected during the 
field season, May 19 to July 21, 1967. 
Hydrologic Year and River State 
Components of the hydrologic year for arctic 
rivers have been little discussed and no universal 
criterion has been established. This report uses the 
five-fold division of the hydrologic year defined by 
Walker and Arnborg for the Colville River (1965* p.165). 
Each period is characterized by a very distinct condition 
I 
"Criteria for defining a 'flood' vary, but in general 
all definitions imply overbank flow." (Wolman and 
Leopold, 1957* p.89). In this paper, because of lack 
of observed overbank flow, "flood" will refer to the 
highest discharge during the year (Ibid, p.88). 
of the river, namely: frozen, prebreakup flooding, break­
up, postbreakup flooding, and summer flow. 
Frozen. September or October until May constitutes 
the period of the year when the river is in a frozen 
state (Figure 9). Freezeup should take place in Octo­
ber if correlation with other nearby arctic rivers is 
valid (Mackay, 1963a, p.157J Arnborg, Walker and 
Peippo, 1966, p.209). However, freezeup may occur 
earlier because of low river stage and low velocities 
characteristic of the area in the late fall. Fall 
discharge may be so small that some channels may be 
dry, as was the case of the eastern distributary in 1956 
(Figure 2). 
Given the length of the river and its tributary 
system it would seem that there should have been more 
ice blocks stranded after breakup than were observed in 
the early spring of 1967. Movies and photographs taken 
from the air on May 19th of the frozen shore lead show 
only a few scattered ice blocks which presumably came 
from the river. The number, distribution, and varia­
tion in thickness of the blocks stranded within the 
distributary system lead to the assumption that the ice 
was derived mainly from scour pools rather than from 
a river which had appreciable flow at the time of freeze-
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Figure 9 - Graphs of precipitation, water temperature, air 
temperature, and river stage for the period April l8th to 
July 30th, 1967. 
Figure 10 - Ice blocks in the distributary 
channel (Blj.-68).2 5-21-67. 
Figure 11 - Sediment layer on a stranded ice 
block. Gravel size sediment predominate 
(BI4--68). 5-21-67. 
2 
Geographic locations within the study area are referred 
to by the grid system on Figure 2. 
on top of them suggesting some slumping of the banks 
onto the ice (Figure 11), but for the most part the 
ice blocks observed were free of surface sediments. 
Prebreakup Flooding and Breakup.^ When the dates 
of breakup for the Colville and Mackenzie rivers were 
considered a breakup date in late May was postulated for 
the Blow River. Breakup had occurred by May 19th, and 
was unobserved. However, several clues were left that 
are amenable to conjecture. 
Details of prebreakup flooding, a process common 
to arctic rivers, are unknown. 
Abrahamsson (1966, p.26 and 27) discusses statements 
by Hare (1963# p.6I4-) concerning the breakup of streams 
in the Arctic. Hare's breakup date can be expected to 
occur between 15 and 25 days after the mean daily 
temperature of 32°F. (0°C.) is reached. This day is 
called the thawing threshold date (Ibid). 
Assuming Hare's statement to be applicable, cor­
relation with temperature records from Shingle Point 
should be possible. 
The first mean daily temperature above 32°F. (0°C.) 
was April 27th with 36°F. (2.2°C.). April 27th to May 
12th, was a 16-day period with a mean temperature of 
3 
The term "breakup" as used in this report denotes the 
time when river ice starts to move (Mackay, 1963b, 
p. IOI4.). 
3lt-.l°F. (1.2°C.). Assuming the minimum (i.e., 15 days) 
of Hare's values, breakup could have occurred as early 
as May 11th. The 25-day delay would put the breakup 
date at May 21st. 
The physical appearance of the stranded ice blocks 
and of the undercut snowbanks along the river would 
lead one to conclude that breakup occurred not much 
before arrival in the field May 19th. However, the 
six-day period May 13th to 18th had a mean temperature 
of only 21.3°P. (5»9°C.), which could have helped 
preserve the ice features observed on May 19th if 
breakup had occurred some time earlier. 
It is postulated that breakup in the Blow River 
occurred during the second week of May, 1967 which 
fits within Hare's proposed timing. It may have indeed 
been only a coincidence and not necessarily indicative 
of the usual breakup of the Blow River. 
Figure 12 shows the level reached by the water 
during breakup flooding. The snow foot resulting from 
thermo-erosion^- is approximately three feet (0.9 m.) 
5 
Thermo-erosion is the process whereby horizontal thaw 
occurs by thermal transfer from river water to frozen 
banks with attendant removal of sediment and vegetal 
detritus by flowing water (Abramov, 1957* p.112-113; 
Walker and Arnborg, 1965# p.165-166). 
Figure 12 - Breakup flood stage is preserved 
by cutbank snow foot (Bl-61i-). 5-21-67. 
above the water surface which would indicate a breakup 
flood stage of 0.50 m. (1.6 ft.) on the 3tage graph in 
Figure 9.^ 
Ice jams similar to those described by Axelsson 
(1967» p.28 and 99)» which cause damming and subsequent 
overtopping of the levees were not observed. There is 
no evidence that such overtopping occurred during 1967. 
Breakup flooding had very little effect on the 
natural levees. Snow accumulations against some of the 
5 
River stage - Visual readings were made on an aluminum 
marker divided into decimeters and bolted to a 3/k- inch 
pipe driven into an area of slack water on the down­
stream side of a point bar (B2-54-) • All stage readings 
in the text are from this site. River stage of 0.0 is 
the level of the river when flow commenced into the chute 
cutoffs in the vicinity of the field camp (Bl-55). 
cutbanks in the upper portion of the distributary system 
were not undercut sufficiently by thermo-erosion to ex­
pose the sediments. This minimum amount of thermo-
erosion may have been due to (1) a water temperature 
that was low, (2) a short period of time during which 
the water rose, reached its highest stage, and then 
rapidly dropped, or (3) a combination of the above. How­
ever, the thermo-erosional niche was sufficiently deep 
so that some snow block slumping occurred (Figure 12). 
Breakup flooding was terminated by a cold spell 
from May 13t.h to 18th during which time the Beaufort Sea 
shore leads refroze as did most of the surface water in 
the river courses. Water was flowing under thin sheet 
ice on May 21st (Figure 12). 
Ice blocks were stranded on bars at levels higher 
than that deduced for breakup flooding, a not unusual 
occurrence. Mackay, for example, reports that on the 
Mackenzie, Kugaluk, and Anderson rivers "ice is frequent­
ly shoved 5 to 10 feet above the highest water level..." 
(1963a, p.I4-3) • Ice blocks on the Blow River were within 
two to three feet (0.6 to 0.9 m.) of the breakup flood 
level. 
Postbreakup Flooding. The highest flood stages 
at the Blow River delta did not coincide with breakup 
flooding as has sometimes been observed in other arctic 
rivers. Instead the maximum stage was not reached until 
some three weeks after breakup which must represent the 
period of maximum snow melt in the drainage basin 
(Figure 9). 
Postbreakup flooding commenced on May 30th with a 
steady rise in water level. The 1967 situation of flood 
ing separated from breakup by at least two weeks is prob 
ably an anomaly because of the unseasonable warm spell 
in late April and early May followed by a short freeze. 
On May 31st, at 0800, the stage wa3 -0.10 m. 
(-O.33 ft.). In the east distributary all of the water 
was contained in the central portion of the channel (B2-
51j.). During the rise in stage from May 31st to June 
1st sufficient stage height (0.0) for flow through the 
chute cutoffs was attained. With subsequent rise to the 
level of 0.35 m. (1.15 ft.) at 0800 on June 1st the 
discharge increased to approximately 6,250 cfs (637*125 
m^/h), nearly eight times greater than it had been the 
day before. 
Complete coverage of the point bar (B2-51j.) was 
achieved at a stage of 0.75 m. (2.i|.6 ft.) at which time 
the discharge is conservatively estimated to be in 
excess of 12,000 cfs (1,223*280 m-^/h). No figures are 
available for the western distributary and therefore the 
river as a whole. However, by visual estimate, one-half 
again as much flow is discharged through the western 
distributary. This would give an estimated discharge 
of 30,000 cfs (3*058*200 m^/h) for the trunk channel 
at the stage of 0.75 m. (2.1j.6 ft.). 
In 1967 the flood of the Blow River lasted approxi­
mately three weeks before the summer flow regime was 
reached. It would seem that this long period of rela­
tively high water was due to thick snow accumulations 
in the drainage area which were not depleted until the 
middle of June, and to the periodic snow storms during 
May and June which mantled the mountains, providing 
additional melt water. 
Summer Plow. Approximately June 20th the river 
reached summer flow regime (Figure 9). Minor fluctua­
tions in discharge reflect precipitation conditions in 
the drainage area; a rise in stage resulting from pre­
cipitation, and a fall in stage from the lack of preci­
pitation. 
Stage data suggests that melt water from land 
adjacent to the streams exhibited a diurnal periodi­
city. There is probably an increase in ground water 
flow during and following the warmest daily tempera­
ture period, and a decrease in the flow as colder 
temperatures become effective. This is suggested by 
the daily stage fluctuations on the order of 0.1 m. 
(0.33 ft.). 
The summer flow regime stage would continually 
decrease, except during and immediately after rain­
storms, until flow in some of the distributary channels 
ceases late in the summer or early fall. Such an as­
sumption is substantiated by the air photograph which 
shows dry channels in parts of the distributary system 
(Figure 2). 
On July 9th an intense cyclonic storm passed over 
the Arctic Coast of Western Canada. Heavy rain and high 
winds commenced in the evening and continued through 
the night.^ The rain slackened by morning and clearing 
took place in the early afternoon. 
Although no snow fell in the delta, the mountains 
were completely mantled above the foothills. Because of 
steep slopes, low infiltration rates, and rapid melting 
of the snow, the runoff was immediately effective in 
increasing the discharge. 
River stage (Figure 13) began its very abrupt rise 
in the delta during mid-afternoon, approximately 18 
hours after rain and snow started to fall in the moun­
tains . 
The outstanding feature of the rain flood was the 
crest height (Figure 13). As a result of one storm of 
approximately 12 hours duration flood-crest height sur­
passed the maximum postbreakup flood-crest height by 
10 cm. (ij. in.). 
The terms morning, afternoon, evening, and night are 
used in the conventional sense only, as the entire field 
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Figure 13 - Rapid rise in river stage as a result of 
precipitation from an intense low pressure system. 
(2000 July 9th to 0800 July 10th, 1967). 
Lengthy stage attenuation after the abrupt rise was 
due to differential snow melt in the mountains in the 
days succeeding the storm. Figures Ilj.-16 illustrate the 
extent to which the storm flood inundated the channel. 
Rapidity of water rise was also indicated by bubbles of 
entrapped air escaping from a gravel bar. 
River Stage 
River flow during the hydrologic year is almost all 
from snow melt and precipitation although a portion of 
it is ground water from the active layer. In many parts 
of the Arctic ground ice sheets occasionally become ex­
posed by rivers impinging on bluff scarps. None were 
observed along the Blow River in 1967. 
Figure li|. - Camp Point (B2-5i|.). Stage 
-0.30 m. (-0.98 ft.). Arrow indicates 
flow direction. 
Figure 15 - (A) on Figure H4.. Rapidly 
rising floodwaters trapped air in the gravel 
bar. Stage 0.75 m. (2.47 ft.), July 10th. 
Figure 16 - (B) on Figure II4.. The tussock 
flat surface is under 5 cm. of water. Stage 
0.80 m. (2.62 ft.), July 10th. 
It has been noted by several investigators that a 
rapidly oscillating river stage is reflective of 
meteorological conditions which were prevalent to, 
or are occurring during, the time of observation 
(Walker and Morgan, 1961]., p.i|-7j Axelsson, 1967, 
p.66). Passage of northwesterly low pressure systems 
over Shingle Point, which are reflected in measured pre­
cipitation, invariably contribute to the Blow River 
drainage basin. These data are indicative of the storm 
intensity in the mountains, and given the approximate 
18 hour period of time for flow from the central drain­
age area to the delta, may be used to estimate time-
periods of flood. Because of the orographic factor in 
the mountains prediction of precipitation totals and 
resulting stage heights would not be justified. 
Contributing to the lengthy duration of the post-
breakup flood was the factor of exposure. Melt is 
more rapid on south and west facing slopes, while north 
and east facing slopes, due to less prolonged and in­
tense insolation, generally retain snow cover for a 
longer period of time and thereby extend the duration 
of high river stage through differential melt. Similar­
ly affected are snowbanks along the face of the 120 
foot (36.58 m.) high bluffs which extend 30 to 70 feet 
(9.1i|. to 21.34 ) out into the flood plain or delta 
(Figure 17). 
Figure 17 - Delayed melt of snowbanks due to 
exposure. Slopes across the valley face 
northeast, those in the foreground southwest. 
5-23-67. Photo taken from A8-55* 
Another important environmental effect on melt is 
the type and density of vegetation. Large snowbanks 
accumulate in the willows on the natural levees. Those 
snowbanks that have lasted until the summer foliage is 
mature are then protected from maximum insolation. 
River Stage and Air Temperature. River stage data 
show that there is a daily fluctuation in stage superim­
posed on the general stage curvature. Such daily vari­
ations are attributable to the daily temperature rise 
which causes melting and increases the runoff, and 
temperature decrease to freezing temperatures which slows 
runoff. 
The air temper attire profiles are generally in har­
mony with the daily stage fluctuations. At the delta 
apex the crest usually occurs between 0800 and 0900 
daily. Maximum insolation in the drainage basin occurs 
at solar noon when the sun is at its zenith (Figure 6), 
thereby giving a crest lag of 19-21 hours. However, 
maximum melt does not coincide with maximum insolation 
but lags about an hour or two behind if observations in 
the delta are valid. Adjusted values would put the crest 
lag to the delta apex 17-19 hours after the time of maxi­
mum melt in the drainage basin. The possibility of 17-19 
hours plus 2I4. hours is ruled out by correlation of in­
dividual rainstorm influence on stage fluctuations. 
Although the upper reaches of the Blow River head­
waters are approximately 70 stream miles (112.7 kms.) 
above the delta apex, the majority of the mountainous 
drainage area is approximately 50 to 55 stream miles 
(80.5 to 88.5 kms.). Based on these data there is a 
melt-water diurnal crest flow of about three miles per 
hour (1^.8 km/.h). 
River Stage and Water Temperature. The inverse 
correlation between stage and temperature of the 
river water is striking (Figure 9). Data show the 
rise toward the daily crest is usually dramatically 
opposed by a concurrent temperature decrease. Explana­
tion lies in the source of the water; the crest is 
indicative of snow-melt water reaching the delta from 
the mountainous portion of the drainage area. Generally, 
the greater the daily fluctuations of the stage, the 
greater the daily water temperature variation. Note 
the correlation between stage and water temperature for 
the rainstorm of July 9th and 10th (Figure 9). 
Water temperature and air temperature correlation 
is also inverse. The colder diurnal water temperatures 
usually occurred in conjunction with the daily stage 
crest; usually in the late morning or near mid-day. 
River Stage and Current Velocity. Surface current 
velocity was measured by timing driftwood over a 100-foot 
(30.1|-8 m.) course. Large gaps exist in these data be­
cause flooding conditions prevented access to the point 
bar where such measurements were possible. 
The velocity increased with an increase in discharge 
and a rise in stage. Velocities of three to four feet 
per second (0.91 to 1.22 m/s) were common when the river 
stage was below -0.30 m. (-0.98 ft.). During such 
periods discharges were measured in hundreds of cubic 
feet per second. When velocities of six to seven feet 
per second (I.83 to 2.13 m/s) were recorded the dis­
charge was in the thousands of cubic feet per second. 
Normally such velocities occurred at river stages be­
tween 0.00 and 0.10 m. (0.33 ft.). Data are not avail­
able for stages above 0.15 m. (O.I4.9 ft.). 
River Stage and Wind. Wind had no noticeable effect 
on the flow regime in the upper delta. The fetch within 
the delta is so short that only minor changes should 
occur. Wind from the northwest is frequently very im­
portant in the lower delta when it piles up large 
amounts of water on the coast. Sea water is forced up 
the channels and raises the level of the river, a pheno­
mena observed in 1967. Sea water may be intruded up­
stream of the delta apex into the trunk channel. 
River Ice 
River ice is of two types; thick ice which forms 
in deep channels or scour pools, and sheet ice. 
The large breakup blocks (Figure 10), the thickness 
of which depends upon the depth of water during freezeup, 
may have been bottomfast. Cobbles and gravels could 
thereby be entrained by the ice to be carried downstream 
to an area in the lower delta where such large sediments 
would be at variance with the local matrix of fine 
sediments. Transport of sloughed or slumped sediments 
on top of ice blocks also occurs (Figure 11). 
Sheet ice (Figure 18) that forms at the shallow 
edges of the river or on the surface of slack water areas 
Figure 18 - sheet ice in the east distributary 
(B2-51*.). 5-27-67, 0900. 
during periodic temperature drops in the early spring 
constitutes the second type of ice. 
Large amounts of sheet ice formed at night on May 
27th and 28th. With the morning rise in air temperature 
the ice broke up and floated downstream. No ice was 
seen after noon either day. 
Suspended Load 
Suspended load is of two types; organic and in­
organic. Much willow and alder vegetal debris is en­
trained from the slumping river banks, and along with 
some grasses constitutes the organic load. 
Characteristically, the river flow was turbulent 
and variation in suspended sediment concentration within 
short distances was apparent.^ Five samples taken at 
B2-51j. (Table I), show that the variation in suspended 
sediment is great. 
Table I - Suspended Sediment Concentrations 
Water Date Time Stage Grams per 100 Parts per 
sample (1967) (meters) ml. of HgO. million 
number 
1 May 21 1G00 -0.52 0.0020 20 
6 May 27 li|45 0.00 0.0085 85 
7 June 1 2000 0.25 0.0535 535 
Hj. June 25 2000 -0.10 0.0075 75 
27 July 10 2300 1.05 0.3390 3,390 
Sediment concentration increased as discharge in­
creased. Correlation of peak sediment concentration 
with the postbreakup flood crest is not reflected in 
the data. Visual observation indicated that peak sus-
7 
Water samples which furnished data for determining the 
suspended load were collected in one-liter (0.26 gal.) 
bottles. The bottle was placed about three inches (7»62 
cm.) below the surface of the water with the mouth 
facing upstream. 
pended sediment concentration followed the flood crest 
rather than being coincident with, or prior to, its 
passage. This differs from,the Colville River to the 
west which has peak sediment concentration prior to 
stage crest (Arnborg, Walker, and Peippo, 1967» 
p. 13i{.-135). 
During the postbreakup flood the thermo-erosion 
processes operating on the wetted perimeter of the Blow 
River channels thawed the banks, providing material for 
the suspended load. After a drop in stage from the 
flood crest the processes of bank sloughing and slump­
ing introduced thawed material into the river system. 
Thawing in the active layer of the natural levees 
prior to the breakup flooding had not been initiated as 
most were still snow covered, thus eliminating them 
as source areas. Therefore, channel deposits provided 
the primary source of suspended sediments during breakup 
flooding. Winter eolian deposits on the ice surface are 
also available for entrainment during breakup flooding. 
The amount of suspended load in the water at the time of 
falling stage after breakup was low. (Sample 1, Table 
I). 
Sample 27 (Table I), taken at the crest of the July 
rain flood shows a relatively heavy sediment concentra­
tion in comparison to samples taken previously, ©tiring 
the summer the active layer in the channel banks had 
increased in thickness. This provided material that was 
readily eroded with the rapid rise in stage on July 10th. 
Pine sediment contained in runoff from the active 
layer of the tundra and mountains also contributes to 
the heavy concentration. 
There is also suspended sediment contained in Sea 
water that is periodically forced into the distributary 
system during storm surges and wind set. 
The Mackenzie River discharge during late spring 
and the summer is so great, and the nearshore area so 
shallow, that most of the clear saline sea water is 
forced away from the coast. This sediment-laden 
fresh water plume has been measured for visual turbidity 
off Shingle Point, five miles (8.0 km.) west of the 
Blow River delta, and found to be much the same as the 
channels of the Mackenzie River (Henoch, I960, p.ij.9). 
CHAPTER III - DELTA MORPHOLOGY AND PROCESSES 
The Blow River after leaving the mountains flows 
across the Arctic Plateau and Coastal Plain in a U-
shaped valley one-quarter to two miles (O.I4.O to 3.2 
kms.) in wi dth. 
In general, the Blow is an anastomosing river as 
far north as its confluence with its last major tribu­
tary, Rapid Creek, approximately five miles (8.0 kms.) 
upstream from the delta apex (Figure 19). Downstream 
Figure 19 - Looking up Rapid Creek at its con­
fluence with the Blow River. 
from this confluence the river meanders across its flood 
plain and occasionally impinges on the valley walls. 
Major diversions of the lower trunk channel have 
been numerous in the recent past. This is attested to 
by the various graveliferous channel and bar remnants; 
many of which have not had sufficient time to acquire 
a deposit of finer material and vegetative cover be­
fore reoccupation by an active channel (AO - CO, 
k-0 - 511.). 
Delta Structure and Materials 
The amount of research on deltaic environments has 
been increasing in recent years. However, present-day 
knowledge of delta processes and forms and the relation­
ships that exist between the^'wo is far from complete. 
Indeed, it has been pointed out by Axelsson that results 
are often contradictory (1967, p.10).^ 
As stated before, the Blow River delta is prograd-
ing over the western edge of the subaqueous Mackenzie 
delta in the Shoalwater Bay portion of the Beaufort Sea. 
The nearshore area is quite shallow and the influence 
of the Mackenzie River discharge so great that the 
classical subaqueous delta terminology of topset, fore-
set, and bottomset beds as used by Gilbert (1885, 
Figure I4., p.107) and Axelsson (1967, p.26) is not ap­
plicable to the Blow River delta. 
I 
Delta - See the literature review concerning the term 
in Axelsson (1967, p.9-10). 
p 
Local surficial environments'" offer a general frame­
work within which specific forms and processes can be 
discussed. The delta has well defined active and in­
active distributary systems, low, relatively subdued 
topography in the interdistributary marshes, numerous 
lakes in the lower delta, and a prominent beach 
ridge system. 
Construction and destruction, the two major phases 
of the delta building cycle (Scruton, I960, p.82), are 
clearly apparent in the Blow River delta. Deposition 
is occurring near the distributary mouths and wave 
erosion is active in the interdistributary areas. 
Destruction of the subaerial delta is accentuated 
by sedimentary compaction and subsidence due to down-
warping in the Mackenzie delta geosyncline (personal 
communication, V. Mazarak, geologist, Imperial Oil Co., 
Canada). Such downwarping is similar to that affecting 
the Mississippi River delta (Russell, 1936, p.7-11; 
Pisk, 1914-7, P.28). 
Sediment is transported by both water and wind. 
The manner in which material is transported partially 
2 
Continuous permafrost, a thin active layer, and lack of 
proper drilling equipment severely limit subsurface in­
terpretation of the delta sedimentary structure. The 
only interpretations which can be made of the subsurface 
are based on observations of cutbanks, point bars, and 
gravel bars. These are not adequate indicators for 
regional analysis. Therefore, only local subsurface 
features will be discussed. 
determines the geometrical, stratigraphical, textural, 
and structural characteristics of the deltaic deposits 
(Allen, 1965, p.170). 
Sedimentation in the Blow River delta is unusual 
in that there is an absence of any large sand seposits 
in the distributary channels of the upper delta. There 
are no point bars composed of sand, and only thin veneers 
of sand are deposited on the distributary gravel bars. 
Sand sources are limited to the faceted bluffs which pro­
vide outwash sands and detritus from erosion of shales 
and sandstones. Sand derived from shale is distinct in 
that it is flat (Figure 20), soft, and has a high speci­
fic gravity (2.96). It is rapidly reduced in size to 
silt during its passage over the graveliferous channel 
Figure 20 - Flat sediment 
commonly found in the delta. 
Squares are i|. mm. 
deposits. The amount of aand is therefore proportion­
ately small in the sedimentary matrix of the delta. 
Cobble accumulations in the delta are limited to 
the areas just downstream from the bluff sources. 
Transition from fine gravel to predominantly silt 
is very rapid and occasionally abrupt. Generally, the 
grain size decreases in a downstream direction. However, 
local variations are considerable, especially when coarse 
relict channel deposits are exposed by distributary 
channel movement in the lower delta. 
Deltaic Environments 
Based on the gross deltaic form, materials, geo-
morphic features, and the spatial relationships of 
the major environments or components, the Blow River 
delta fits the classification used by Gagliano and 
Mclntire (1968, p.5-6). The units considered are the 
upper deltaic plain, the lower deltaic plain, and the 
marginal plain (Figure 21). Rather than use the de­
marcation between upper and lower deltaic plains as the 
limit of effective level of salt water intrusion as 
used by Gagliano and Mclntire (Ibid), the innermost 
line of storm debris will be used. 
Upper Deltaic Plain 
The upper deltaic plain extends from the first bi­
furcation of the trunk stream to the innermost debris 
line. Its areal extent varies with time, changing with 
each up-channel diversion of the trunk stream. Location 
Figure 21 - The major deltaic environments. 
of the delta apex today (BO-53) is not static because 
each up-channel diversion and each trunk channel bi­
furcation brings about the relocation of the middle 
ground as has been diagramed by Welder (1959, p.60) 
and Russell (1967, p.43). 
Up-channel diversions of the trunk stream can 
drastically alter the location of the apex. Aerial 
photograph interpretation combined with field observa­
tions of faceted bluffs in the river valley indicate 
that the delta apex was formerly located over a mile 
(1.6 km.) upstream,from its present position. There 
are indications that the apex at one time, was also 
a mile (1.6 km.) to the northwest of its present 
position. Other apex remnants are masked by subsequent 
floodplain deposits and therefore are not discernable. 
These shifts in position of the apex all appear to have 
taken place in recent times. At the present time the 
upper deltaic plain occupies five square miles (12.95 
km. ), or approximately 25 percent of the delta ex­
cluding the marginal plain. 
The trunk channel is divided into two distributaries 
with the greatest discharge through the west channel 
(Figure 22). 
Distributary channels in the upper deltaic plain 
are characterized by levees which have been built to 
heights which are normally above flood stage by eolian 
Figure 22 - Delta apex arid middle ground (BO-
53). Stage -0.23 m. (-0.75 ft.). 
deposition. The west channel has numerous smaller 
distributariesj some of which flow only during high 
water and are in the process of abandonment and 
alluviation. 
In the upper deltaic plain lateral migration of 
the distributary channels has produced an aggrada-
tional surface that is occupied by willows and alders 
on the higher parts and by grasses in the lower parts. 
In Figure 21 these two distinctive vegetative types are 
delimited by the dark colors for willows and alders and 
the light color for low grassy areas which are often 
former channel courses. 
The densest vegetation on this aggradational plain 
occurs on either the crest or the lee side of the higher 
levees. Vegetation height partially depends on exposure 
to strong wind which sometimes dessicate the more ex­
posed vegetation on the levee crests. Some of the trees 
occasionally reach heights in excess of 10 feet. Plant 
height tends to be proportional to levee height, all 
other factors being equal. 
Morphologic transition from a channel levee system 
to the adjacent flood plain is characterized by a levee 
flank depression. This feature appears on every river-
to-flood plain transect made in all portions of the delta 
The majority of the depressions are shallow and contain 
standing water after the spring thaw. The upper delta 
basins are also areas of standing water; in some areas 
over a foot deep. 
3 There are over 35 widely scattered lakes in the 
upper deltaic plain. Most of these are remnants of 
abandoned channels. The majority of the larger lakes 
have a long-axis approximately one-quarter of a mile 
(0.1j.0 km.) long (Figure 21). In some cases, especially 
in the eastern portion of the delta, the lakes have en­
larged and coalesced. The origin of Landing Lake (A8-60) 
apparently a typical bluff scarp lake like those of the 
Western Mackenzie delta, is unknown. It is probably 
the deepest lake in the delta. 
3 
Sounding of the lakes was limited logistically and 
only general statements are appropriate at this time. 
Lower Deltaic Plain 
The border of debris that is arbitrarily used to 
separate the upper and lower deltaic plains is fairly 
continuous. It consists of tree trunks, many of them 
very large, from the Mackenzie River and smaller vegetal 
debris from the Blow River. Some areas of tree accumula­
tions are three miles (I4..8 km.) inland (C5-56) from the 
northwest shore, the direction from which the most in­
tense storms approach. A 10-foot (3*05 m.) rise in water 
level would be needed to transport logs two to three 
feet (0.61 to 0.91 m.) in diameter across the lower 
delta to D0-39. Some log positions (C5-56) would require 
at least a 15-foot (I4..57 m.) increase in water level 
assuming the present shoreline.^" 
As in the Mississippi River delta, water level 
fluctuations due to wind are more significant than 
those due to the tides (Welder, 1959, P«5)» Storm surges 
at Point Barrow, Alaska, have been documented to heights 
in excess of 10 feet (3.05 m.) (Schalk, 1957, p.1792). 
Cultural debris (cross members from communication poles, 
hewn lumber, oil drums, etc.) found at the inner edge of 
these Blow River delta deposits attests to severe storms 
in the recent past. Log positions and seemingly recent 
5 
Dr. H. J. Walker has collected several wood samples for 
C—li}. dating. Results are not yet available. 
deposition are evidence for a 15-foot (i|..57 za.) rise 
in water level having occurred. It is rendered more 
feasible when the funnelling effect of Shoalwater Bay-
is taken into account. 
Source areas for the Mackenzie River logs are 
located on the Liard, Gravel, and Peel river tribu­
taries (Kindle, 1921, p.52). The possibility that 
driftwood in the Canadian Arctic originated in Russia, 
Norway, and the St. Lawrence River has been mentioned, 
but scientific authentication has not been forthcoming 
(Ibid, p.50). 
Deposition of such large tree trunks probably occurs 
in late summer or early fall. Before and after this 
period the sea ice is likely to be in close proximity 
to the shore. Therefore, the fetch required to create 
a storm surge of sufficient magnitude to raise the water 
level for deposition of large debris two to three miles 
(3^2 to I4..8 km.) into the delta would not be available. 
The lower deltaic plain at present occupies 15 
square miles (38.85 ton. )» or approximately 75 percent 
of the delta excluding the marginal plain (Figure 21). 
There are a number of distinct physiographic units 
in the lower deltaic plain; lakes, a beach-ridge system, 
beaches, a pingo, and alluvial fans. Morphologic pro­
cesses include deposition, wave erosion, compaction, 
regional subsidence, and storm surges. 
The portion of the lower deltaic plain between the 
inner debris line and the area of dense lakes in the dis 
tal portion of the delta contains willow and alder cover 
ed levees. The levees decrease in elevation downstream; 
finally reaching a level that is insufficiently high 
above the flood plain to provide the drainage necessary 
for tree growth. 
In the transition from levee to flood plain there 
is a distinct change at the contact between levee back-
slope and the patterned ground of the flood plain. Low-
centered nonorthogonal ice-wedge polygons are the most 
conspicuous features of the flood plain (Figure 23). 
Figure 23 - Low-center nonorthogonal ice-wedge 
polygons (B2-68). 
Some of the crests of the ice wedges near the levees 
support small willows and alders. During the summer the 
grassy areas between the ice wedges are marshy. Stand­
ing water as much as six inches (lj?.2li. cm.) deep is com­
mon. Some of the polygons near the edges of the larger 
lakes in the lower delta are orthogonal.^ 
Between levee systems floodplain relief is generally 
minor. However, when micro-relief features such as 
ice wedges, frost mounds, relict levee systems, log 
accumulation, etc., are considered, variations in eleva­
tion are distinct. 
The dense pattern of lakes in the lower deltaic 
plain is interspersed with residual willow and alder 
clumps which are remnants of previous lower delta levee 
systems. Commonly, only the levee on one side of the 
distributary is apparent; the other having disappeared 
through compaction and subsidence, destruction by lateral 
migration of the channel, or channel lake enlargement. 
Depositional lobes of the distributary mouths form 
small scale sub-deltas prograding into the sea and 
assist in forming the irregular shape of the delta out­
line (ex: CO-Q$). Because of the lateral merging of 
these active deposltional areas, the large amount of re­
worked storm debris, and the short period of time which 
compaction and subsidence processes have been operative, 
these portions of the subaerial lower delta are slightly 
5 
For the definitive work on ice-wedge polygons see 
Lachenbruch, 1962. 
elevated above the upper deltaic plain inter-levee basin 
marshes. As a result, they are well drained and rela­
tively firm. These are the best surfaces for walking 
to be found in the lower deltaic plain. 
In a developing delta, deposits are continuously 
sinking as a result of compaction (Santema, 1966, p.111). 
In the Blow River delta, compaction combined with the 
regional geosynclinal downwarping results in the sea 
encroaching into portions of the delta that have been 
deprived of active sedimentation (C5-71). 
Lakes. In the lower deltaic plain there are over 
225 lakes, in some places so closely spaced that only 
two to three feet (0.61 to 0.91 m.) separate them. 
There are two types of lakes in the lower delta; 
abandoned channels and thaw lakes. 
A majority of the lakes in the lower delta are 
non-alluviated segments of abandoned stream channels. 
Enlargement of these lakes occurs by subsidence of the 
lake bottoms during general deltaic compaction and geo­
synclinal downwarping, and bank slumping due to thaw 
processes. Enlargement often results in the coalescence 
of adjacent lakes (E0-F0, Z 4.O - 6 O ) .  
Block slumping of lake banks usually occurs along 
planes of weakness within the cohesive sediments. The 
planes of weakness are either the result of surficial 
cracking due to rapid freezing or the growth of ice 
wedges. 
Crack forms are similar to those found in drying 
muds (Twenhofel, 1932, p.685-692); the shape of which 
governs the size of the slump block. Enlargement of 
the cracks results from water entering the cracks, 
freezing, and then expanding. Eventually erosion by 
the lake water weakens the base of the block and it 
slumps into the lake. 
After slumping the blocks remain more or less in 
place and are gradually reduced in size by the erosive 
action of water and ice. Slump blocks are affected by 
ice to depths of four to five feet (1.22 to 1.52 m.) in 
the Blow River delta; a foot or two (0.30 to 0.61 m.) 
less than in the lakes at Point Barrow, Alaska (Brewer, 
1958, p.278). 
As the top of the bottom-fast lake ice melts a 
layer of water covers the ice mass. Local runoff also 
contributes to the lake volume during this period of 
melt. Upon submergence the ice becomes buoyant and 
lifts from the bottom to float on the surface. Fre­
quently ice is left between the slump blocks on the 
lake bottom during the period of ice lifting. 
Both mineral and organic matter are removed from 
the slump blocks when the fast ice is released from the 
bottom. This is probably the most important way in 
which the slump blocks are eroded. Wind waves are ef­
fective in eroding slump blocks in the larger lakes, but 
appear to be relatively ineffective in the smaller lakes. 
The second type of lake in the lower delta is the 
thaw lake. They originate through the thawing of uncon­
solidated fine sediments beneath frost boils, small pools, 
and shallow tranches over buried ice wedges (Hopkins, 
19lj-9, p.123). The space formerly occupied by the ice 
is then available for collection of water. These small 
pools then grow as the banks thaw and cave and the bottom 
thaws and compacts (Wallace, 19i|.8, p.175). 
The majority of the lakes observed, whether relict 
channel lakes or thaw lakes, had vertical or nearly 
vertical banks. 
In the lower delta lakes a significant contrast in 
water chemistry was found. A number of lakes have been 
breached by the sea; some are connected to the river or 
sea by channels, others are liable to inundation by 
storm surges. 
The highest storm surges are capable of inundating 
the lakes in the western portion of the lower deltaic 
plain (DO-EO, 20-35). Inundation probably occurs often 
enough so that brackish conditions should prevail in 
these lakes. However, because of a channel (E0—3U-) 
which connects several of the larger lakes to the western 
distributary, fresh water flows into the area during high 
stages of the river. 
In addition to river water intrusions during floods, 
small storm surges and wind set out of the west will 
raise the water level in the lower portions of the dis­
tributary system. The channel entrance is located so 
that any appreciable rise in the local river level 
will allow water flow into the lake basin. 
Salinity of these connected lakes at any time is 
partially dependent upon the salinity of the offshore 
water forced into the basin. Interactions of river 
stage, sea level, wind direction, duration of high or 
low water, and the ice conditions of the river and ocean 
also affect the transfer of water between the basin and 
the river. 
Canoe passage is possible through the channel to 
D6-22 where the channel is four to five feet (1.22 to 
1.52 m.) wide and five to seven feet (1.52 to 2.13 ) 
deep. At the time of surveying the greatest depths in 
the lakes on the channel passage ranged from J4..5 feet 
to 6.5 feet (1.37 to 1.98 m.). The channel thalweg 
which has a U-shaped configuration, averaged five feet 
(1.52 m.) in depth. Channel mouth depth was four feet 
(1.22 m.) over a small bar. The above soundings were 
taken within one hour during a period of storm surge 
attenuation when the channel surface flow was 1.7 
feet per second (2.0 km/h) toward the sea. 
A combination of subsidence and thaw, lack of local 
sedimentation, and the erosive action of the sea is in 
the process of destroying the lake area in the eastern 
part of the delta (CO-EO, 65-80). Some of the lakes are 
being breached and admit sea water which intrudes to 
C5-60 and B6-66. 
Water samples collected from several lakes during 
the field season show that those lakes which are con­
nected to the sea or distributaries were fresh (Table II). 
Explanation lies in the influence of the Mackenzie River. 
During the late spring and summer the Mackenzie River 
discharge is so great and the nearshore area so shallow 
that sea water is forced away from the coast (Table II -
ocean sample). 
Lakes in the lower delta that are not affected by 
the flushing action of the river or sea show the high­
est salt concentrations. The brackish nature of the 
water is the result of sea water inundating the lower 
delta during storm surges. Enough sea water has been 
retained in the lakes to alter the previously fresh 
water chemistry. 
Beach Ridges. A beach-ridge system is located at 
the western edge of the delta (D8-20). The cobbles and 
gravels of which it is constructed come primarily from 
bluffs to the west of the delta where the 100 foot 
(30.5 m.) banks are being actively eroded. It is pos­
sible that some material comes from Walking River three 
miles (I4..Q km.) we3t of the ridge complex. 
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Table II - Selected Water Samples 
Lower Delta 
Sample Location Date g. salt per 
number (1967) 100 ml H20 
lb UM.-29 6-28 O.O^fcJO 
20 D7-56 7- 5 0.ij4l6 
21 E3-57 7- 5 0.5004 
29 09-66 7-11 0.3792 
31 E2-lp. 7-13 0.0108 
28 07-61 7-11 0.0256 
30 338-12 7-13 0.0108 
Table II - Continued 
Sample Total % Ca, Total % Chloride Comments 
number Mg, Na, K + Ca, Mg, Na, K 
16 0.015795 0.03954.5 Flushed by sea 
20 0.160161 0.371960 Not flushed 
21 0.1618875 0.3887675 Not flushed 
29 0.137000 0.323000 Not flushed 
31 0.001500 0.003980 Flushed by flood 
28 0.0086525 0.0207025 Flushed by sea 
30 0.003690 0.008290 Ocean sample 
Note: Total % can also be read as grams per 100 ml of 
sample HgO. 
Cameron found that the net circulation in the south­
western portion of the Beaufort Sea is "anticlockwise" 
(1953* p.10). Thus, water moves eastward along the coast 
most of the time, especially during high energy condi­
tions which are capable of transporting cobbles and 
gravels. 
Ridge and swale topography characterizes the system. 
The seawardmost ridge is highest and there is a gradual 
decrease in ridge height for each succeeding ridge inland. 
Ridge crests are mantled with logs and branches 
while the swales remain relatively free from such accumu­
lations (Figure 2J4.). This debris is probably introduced 
during times of great storm surge when the water depth 
in the swales is sufficient for the logs to float across 
and then hang up on the more shoal ridge crest beyond. 
Figure 2lj. - Ridge and swale topography of the 
first two beach ridges (D9-17). 
There are large piles of logs and other vegetal 
debris intermixed with gravel on the beach ridges. These 
piles, some in excess of nine feet (2.72+. m.) in height, 
are scattered along the seawarclmost ridges (Figure 2j?). 
Large blocks of ice could shove such features into 
place. 
Displacement of gravels by ice shove on both Arctic 
and Antarctic coasts have been described by Nichols, ?nd 
are relatively common occurrences (1953* p.172-175; 1961, 
p.69ij.-708). There are no large scour paths on the cobble-
gravel material immediately seaward of the piles that 
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Figure 25 - Large debris piles on the ridge 
system. Note the man standing on a log to the 
left of the pile in the background (D8-15). 
would suggest ice-shove deformation on the order in­
dicated to construct such large features. Rather, the 
ridge crests exhibit smooth configurations. The smooth­
ness may be the result of hydraulically rearranged 
materials which have erased the ice scour path. A 
gravel veneer has been washed up the seaward side of 
some of the debris piles. 
Possibly large amounts of debris could have been 
captured in a pocket in the ice front at sea, and held 
as a unit as it was transported to, and deposited on, 
the ridges during an abnormally high storm surge with 
subsequent melting of the ice stranding the debris unit. 
Precise knowledge of the processes of formation 
for beach ridges is sparse, and for those systems in 
the Arctic practically nonexistent. Beach ridges, 
according to Psuty, are "entirely dependent upon two 
factors: (1) an abundant sediment supply, and (2) a 
repetitive, although not necessarily cyclic formational 
agent" (1965, p.112). Both factors are well satisfied 
along the western portion of the Blow River delta. 
Development of a ridge may not necessarily occur 
during each great storm. A series of storms of similar 
amplitude may pass over the coast with no ridge develop­
ment. Upon the accumulation of a sufficient reservoir 
of cobble-gravel material just up-current of the delta 
and in the shallow nearshore area, one storm may con­
struct a ridge, or a portion of a ridge which later is 
modified by other surges. 
Moore, in a discussion of the northwest coast of 
Alaska, states that beach ridges are apparently "formed 
either during storms or during periods when persistent 
onshore winds caused a temporary rise in sea levels" 
(I960, p.336). As the number of beach ridges is only a 
small fraction of the number of violent storms (magnitude 
not described) and abnormally high tides that must have 
occurred while the ridges were being formed, he con­
cluded that the ridges may record minor worldwide eusta-
tic changes in sea level (Ibid). 
It does not appear warranted to invoke worldwide 
sea level fluctuation to account for the Blow River 
beach-ridge system because there are no other local 
topographic features such as wave-cut terraces or 
river valley terraces to suggest such eustatic changes. 
As the beach ridges subside and the assembled logs 
decay, a marsh with orthogonal ice-wedge polygons de­
velops (D6-20). 
Beaches. The delta front is varied both in mor­
phology and texture. The west delta beach from the bluff 
scarp to the mouth of the western-most distributary (E3-
26) is narrow and steep. The beach rises abruptly to the 
crest of the seawardmost beach ridge (Figure 26). It 
consists of coarse material and is generally devoid of 
any outstanding microtopography. 
Figure 26 - Western delta beach (D9-17)« 
From the vicinity of the mouth of the western-most 
distributary eastward to D6-7i|. the beach is composed of 
reworked woodchips and other organics which lie as a 
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veneer over inorganic sediments. In some locations the 
organics are thrown back over the lower deltaic plain. 
These beaches exhibit minor forms unlike any found 
on gravel or sand beaches. Small berm scarplets arranged 
in echelon parallel to the shore are the dominate forms. 
Commonly the berms are eroded into cuspate forms. The 
berm crests are sometime pushed back by wave action 
(Figure 27). 
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Figure 27 - Reworked organic beach materials 
(E7-58). 
In the areas of the delta most protected from west­
erly storm waves, some portions are composed entirely of 
woodchips, twigs, branches, and vegetal detritus (Figure 
28).  
These organic beaches are stratified. Distinctive 
bedding by debris size is obvious in all exposures in 
Figure 28 - Erosional forms in organic beach 
materials (approximately C0-90). 
much the same manner as beach sands, wherein a parti­
cular size of sorted sand dominates a particular 
horizon. Reworking of the surface produces micro-
features similar to those in Figure 27. However, 
stack-like forms, such as illustrated in Figure 28, are 
not common. Most organic beaches have a generally 
smooth convex profile. 
Distributary-mouth bars and channels were not stud­
ied in detail. However, pictures taken in 1967, when 
compared with aerial photographs taken 11 years before, 
show that relatively few changes have taken place. 
Minor distributary bifurcations in the subaqueous por­
tion of the western distributary appear to be unchanged 
since 1956. Some progradation (a few tens of meters) 
seems to have taken place between the distributary 
bifurcation levee systems (E8-35). 
The distal portion of the eastern-most distributary 
(00-85), a product of active deposition, is prograding 
over the subaqueous Mackenzie River delta and an area 
of the Blow River delta that had been deteriorating. 
In the Blow River delta tidal flats, which tend to 
be quite small, are found in association with areas of 
active deposition. There is active redistribution of 
material, especially in the area of the distributary 
mouth bars. In the western delta, which faces the high­
est energy conditions, there is much throwback and re­
working of the organic lower delta deposits. 
Pingo-like Mound.^ The greatest relief in the 
lower delta (that is exclusive of the channel-levee 
features), results from the presence of a pingo-like 
form (C8 —14.9) (Figure 29). 
The mound is nearly circular with a radius of about 
90 feet (30 m.). It is also low, with a crest height 
of approximately eight feet (2.1}ij. m.). It has a steep 
scarp on the north and a smooth gentle slope on the 
south (Figure 30). Mackay and Stager describe faulting 
in pingos and note that it has been observed by other 
investigators (1966, p.363). Uplift must have occurred 
z 
For a detailed description of pingo form and genesis 
see Mackay, 1962, p.21-63. 
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Figure 29 - A pingo-like mound at C8-J4.9. 
Figure 30 - Pingo-like mound (C8-J4.9). 
recently as the effects of smoothing of the scarp by 
erosional processes are not noticeable to any great 
degree (Figure 31)• It is possible however that 
Figure 31 - Uplift scarp on the north side of 
the mound. 
storm surge water could have undercut the area shown 
in Figure 31 resulting in the slumping and fresh 
appearance. 
A mud vent on the crest appears to have been active 
sometime during the spring or early summer of 1967 as 
the surrounding grasses have been very recently 
covered (Figure 32). A sediment sample taken from 
Figure 32 - Mud vent just below the crest of 
the mound. 
near the vent consisted of: 2.07 percent sand, 73*22 
percent silt, and 21}..71 percent clay. 
Driftwood is present on the summit, a condition 
which has been reported for pingos (Ibid). The posi 
tion of the driftwood is probably above the present 
level of storm surges. Its presence at such an ele­
vation supports the theory that the form has grown 
since driftwood was deposited. 
Alluvial Pans. Alluvial fans are found at the 
mouth of all gullies that enter the deltaic plain. The 
largest of these (C7-33) is conspicuous because of its 
height above the surrounding plain. Its surface is 
covered with willows and alders five to ten feet high 
(1.52 to 3.05 m.). The fan's distributary channels, some 
of which are four to five feet deep (1.22 to 1.52 m.), 
are narrow. Water from the fan slows either north and 
east into the western distributary or westward into the 
lakes which in turn drain into the channel that empties 
into the western distributary near the sea. 
The fan is prograding over the Blow River delta 
in a manner similar to the Blow River progradation over 
the subaqueous delta of the Mackenzie River. 
Marginal Plain 
East of the Blow River delta is the marginal plain 
(Figure 21). It is a complex structure for it is af­
fected by both the Beaufort Sea and the Mackenzie River. 
The Beaufort Sea circulation is from west to east whereas 
the Mackenzie River flows from the east to the west. The 
precise position of the interface between the Blow and 
Mackenzie marginal plains is difficult to locate because 
the sediments from the two deltas interfinger and over­
lap. The plain contains small remnant channels from 
the Mackenzie marginal plain system (ex: A5-75? Al-78). 
As the marginal plain builds out the inner portion 
is effectively isolated and deprived of sufficient 
deposition to keep pace with the local compaction and 
subsidence. This inner portion is presently an area of 
enlarging and coalescing lakes with low, wet, grassy 
areas in between. The outer portion of the marginal 
plain is an area of active deposition. Subsidence and 
compaction have not had sufficient time to modify the 
area. This results in the outer portion of the marginal 
plain being higher in elevation than the inner portion. 
The outer marginal plain is quite similar to the distal 
portions of the lower deltaic plain described earlier. 
CHAPTER IV - CHANNEL PROCESSES AND FORMS 
The preceding general description of the geology, 
climate, hydrology, and major deltaic environments has 
established the character of the Blow River delta. 
Channel processes and forms, especially those associated 
with the upper delta, will be presented in more detail. 
Lateral displacement, accretionary features, and other 
forms and processes of modification will be empha­
sized. 
Lateral Displacement of the Lower Trunk Channel 
Distinctive geomorphic forms found immediately down­
stream from the bifurcation point (B0-53) in the eastern 
distributary are a result of lateral displacement of the 
lower trunk channel. This lateral displacement has 
created asymmetrical cross sections in the distributary 
channels below the point of bifurcation, a not uncommon 
process-form relationship (Axelsson, 1967, p.30). 
The panoramic view (Figure 33) o f  the lower trunk 
channel and upper distributaries provides an illustration 
of these forms which are the result of the processes of 
erosion, transportation, and deposition. Interpretation 
of the photography provides information on how, under a 
given set of natural factors, various processes produce 
specific forms. 
Figure 33 - Panoramic views of the lower trunk channel 
and upper distributary system. Stage 0.32 m. (1.05 ft.). 
The sinuous lower Blow River ((33-1)J1 has a rather 
uniformly wide channel at river stages below 0.75 
(2.1+6 ft.) that is contained between the levee-flood 
plain system to the west and the large longitudinal 
bar to the east. As the point of impingement on the 
west bank ((33-2)) moves upstream more and more water is 
diverted to the eastern distributary. This deflected 
water erodes the distal segment of the longitudinal 
bar and provides greater discharge for the eastern 
distributary. 
A gravel-bar breach ((33-3)) perpendicular to the 
channel allows a small amount of water to flow into a 
relict channel ((33—^4-)) • This breach may also be in­
dicative of greater discharge towards the east with fu­
ture erosion of the longitudinal bar to the point that 
the trunk channel may reoccupy the relict channel 
((33-1+)). 
Tussock flat accumulation ((33-5)) on the lower 
portion of the longitudinal bar suggest that channel 
geometry in this portion of the river has been fairly 
stable for a significant period of time. 
Part of the flow crosses over the channel and im­
pinges on the west side of the longitudinal bar ((33-6)) 
I 
Double-bracketed numbers refer to locations on the 
Figure numbered 33. 
resulting in a cutbank just upstream from the submerged 
bifurcation middle ground ((33-7)). 
Further evidence of increasing flow into the east 
channel, and also channel displacement, is the deterio­
rating distal portion of the longitudinal bar ((33-8)). 
Comparison of 1967 field data and 11-year old 
aerial photographs suggest that the above statements 
concerning the eastward movement of the trunk channel 
just upstream from the bifurcation point are correct. 
Parsons (I960, p.25) cited by Leopold, Wolman, and 
Miller, (1961+, p.299)* states that movement of a point 
bar is in a downstream direction because deposition occurs 
most frequently downstream from the long axis of the 
river bend. Concurrently, he continues, the cutting on 
the opposite cutbank is also downstream from the long 
axis of the bend. This erosion and deposition process 
is the mechanism which moves river bends downstream. 
Just below bifurcation point ((33-7)) on the east 
distributary the channel is being displaced further to 
the east because of the longitudinal bar deterioration 
((33-8)). The bifurcation middle ground is also building 
eastward in the form of a longitudinal bar (Figure 22) 
further attesting to the eastward movement of the chan­
nel. The river thus impinges farther and farther up­
stream on the bluff scarp ((33-9)) and crosses over 
increasingly farther upstream in the distributary chan­
nel. This results in the formation of a point bar im­
mediately downstream from the point of bluff impingement. 
Accretion is most rapid on the upstream portion of the 
bar and is resulting in upstream migration of the point 
bar, a distinct exception to commonly held channel 
morphology theory. 
Distributary Channel Bars 
The Blow River distributary system has three types 
of channel bars: those which build out as convex pro­
jections from riverbanks; reversed point bars; and trans­
verse bars which are derived from reworked bed material 
within the distributary reaches. 
p 
Point Bars and Their Evolution. Convex point bars 
are formed throughout the length of the distributaries 
(Figure 3i+). In the upper deltaic plain where cobbles 
and gravels are the dominant bed load the embryonic point 
bar is composed of this material (Figure 35). The 
original shoaling condition stems from a transfer of 
detritus from areas of turbulence to areas of quiet water 
(Russell, 1967, p.23). These cobble-gravel point bars 
occur downstream from the glacial outwash source areas 
in the bluffs. Generally, there is a decrease in the 
grain size materials that make up the point bars down­
stream. 
2 
See Appendix IV. 
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Figure 3I4. - Embryonic convex point bar (B3-
61). Stage -0.10 m. (-O.33 ft.). 
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Figure 35 - Well rounded coarse point-bar 
de tri tus (B2-54)• 
However, cobbles and gravels were observed at what ap­
peared to be positions too far downstream from present 
primary source areas. Such anomalous positions are 
apparently the result of materials derived from local, 
secondary sources. These sources suggest that in the 
past a particular channel had a discharge capable of 
8o 
transporting larger materials greater distances. It 
is also possible that some of the cobbles are lag de­
posits from a period when the bluffs were farther sea­
ward. The present channel flow, having exposed these 
deposits, is not capable of removing the large sediments 
but is reworking them into smooth forms (Figure 3I4.). 
Grain size of the bed material also varies across 
channels. The most abrupt changes occur between cobble-
gravel bar crests and the adjacent chute cutoff channels, 
the beds of which are commonly composed of small gravels 
and pebbles. 
As a point bar takes shape and builds away from the 
levee it is subjected to the ice-shove which occurs 
during breakup. The ice is both an erosional and de-
positional agent through shoving and gouging, but 
occasionally it serves to protect portions of the point 
bar. Further alteration of the basically smooth convex 
bar occurs when vegetal debris is deposited during high 
flow regimes. 
As the bar is built up, turbulent flow, even during 
the flood stages, is reduced and a surface conducive to 
colonization by hardy grasses is provided (Figure 36). 
Once grass becomes established, flow through the grass 
is inhibited. Lower velocities result in the deposition 
of the coarser fractions of the suspended load, especially 
in the wake zone of the grass tussocks. 
Figure 36 - Initial grass tussock colonization. 
Initial colonization (Figure 36) is not only sparse, 
but also patchy. Minute differences in elevation caused 
by gravel displacement from ice-shove appear to be re­
sponsible, at least partially, for the patchiness. The 
ice-shove ridges and mounds have become smoothed by 
fluvial, processes, and are sometimes difficult to discern 
by eye. 
The second stage of development occurs as more and 
more fine sediment is added to the bar which provides 
new areas for grass accumulation, ©uring this period 
individual grass clumps have grown. Both these develop­
ments further inhibit flow across the surface, activat­
ing precipitation of even finer particles than during 
the initial colonization stage. Surface irregularities 
(Figure 37) set up complex current patterns (Figure 38) 
Figure 37 - A youthful tussock accumulation. 
Figure 38 - Coimtercurrent pattern on the 
wake-zone deposit of a large tussock (B1+-55). 
Arrows indicate current direction. 
that aid the sedimentation process. Eventually coa­
lescence of tussocks occurs. 
Tussock coalescence is not random, but most often 
occurs as a result of the joining of the downstream 
portion of one longitudinal feature with the upstream 
portion of a tussock further downstream. By the time 
this stage of development is attained, the gravel 
between the several coalescing features often has a 
thin veneer of finer sediments. When individual tus­
socks have merged with one another, the grass cover 
has usually attained a density sufficient to bring 
about eolian deposition. 
A mature tussock flat is hummocky with grass two 
to three feet (0.61 to 0.91 m.) high (Figure 39)• In 
1967 only flood waters above a stage of 0.75 
(2.i|.6 ft.) were sufficient to inundate the majority of 
Figure 39 - A mature hummocky tussock flat 
which is only slightly lower than the adjacent 
flood plain. 
the observed tussock flats. Water depth was not suf­
ficiently deep and turbulent to cause any erosion on the 
tussock flat at B2-54* Flood and eolian deposition con­
tinue to vertically accrete the tussock flat until the 
approximate level of the adjacent flood plain is at­
tained (Figure JLf.0) • 
Figure 1+0 - Point-bar tussock flat (B2-62). 
Upon attaining sufficient height, tussock areas 
are invaded by colonizing willow and alder bushes and 
eventually are almost exclusively populated by these 
vascular plants. Those tussock flats which were ob­
served to be undergoing colonization by willow and 
alder bushes were somewhat higher that adjacent flood 
plains. Further, these flats are in the process of 
forming levees closer to the present channels (Figure 
1H>. 
The second type of point bar, in this paper re-
Figure lj.1 - Tussock flat in the process of 
forming a levee by colonization of willow and 
alder bushes • 
ferred to as a "reversed point bar"-*, is a result of 
a rather complex series of events. This bar type 
occurs throughout the distributary channels, but is 
less common than the classic type of point bar dis­
cussed above. 
There are two ways in which reversed point bars 
are constructed: (1) The river with an existing convex 
point bar and concave cutbank initiates a new channel 
across the inner area of the point bar in much the same 
manner as a neck cutoff. When the majority of flow dis­
charges through the new channel there is often a lateral 
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The term "reversed point bar" was derived from dis­
cussions with Professor Richard J. Russell, Coastal 
Studies Institute, L.S.U. 
migration of the channel in the opposite direction from 
the previous channel, thereby reversing the point bar 
(Figure Ij2). 
Figure 1+2 - A reversed point bar (B2-53). 
Stage 0.32 m. (1.0£ ft.). 
(2) The meandering river, possibly because of events 
occurring upstream, proceeds to reverse its lateral mi­
gration across the delta. The migration is so rapid 
that the previous point bar is reworked in the process, 
thereby reversing the original point bar. As the new 
channel migrates away from the old course the previous 
channel ((ij2-l)) is closed off by a longitudinal bar 
at its upstream entrance ((1+2—2)). The sediments are 
added to the abcundoned channel from both the point bar 
and the cutbank. Eventually the channel is filled with 
sediment and joins the point bar tussock flat with the 
adjacent flood plain, forming a nearly level surface. 
There is considerable difficulty discerning be­
tween the types of point bars resulting from the pro­
cesses of reversed construction. It is assumed that the 
type resulting from rapid channel migration would be 
unvegetated because of the reworked nature of the flats 
material, whereas the diversionary type would likely 
have tussocks or even occassionally stands of willows 
and alders. The validity of such a conclusion will de­
pend partly on whether or not a migrating-channel bar 
has had sufficient time to stabilize and become a 
tussock flat. 
Reversed point bars are present in both the upper 
and lower deltaic plains although those in the lower 
deltaic plain are less obvious because variations in 
the local relief are not so conspicuous. 
In Figure I4.3 the older levee ((lj.3-1))* with only 
minor local elevation differences on the order of six 
to eight inches (l5.2lj. to 20.32 cm.), is conspicuous 
because of the lighter colored grass. The point bar 
((ij.3-2)), is covered with dark grass. The present 
natural levee is a very small ridge upon which the boat 
is resting. 
Some reversed point bars are presently being trun­
cated because the channels that formed them are now mi­
grating back toward their previous locations (ex: B2-53)« 
Figure lj.3 - Reversed point bar in the lower 
delta (D9-59). 
Transverse Bars. Throughout the distributary system 
large masses of detrital material form shoal areas com­
mencing at approximately stage 0.50 m. (1.61j. ft.). 
These areas are greater in areal extent and higher in 
elevation than the riffle shoals of the normal stream 
crossings. 
The reason for such large detrital masses is clari­
fied when retracing previous channel courses. Relict 
coarse channel-fill deposits occur throughout the delta. 
However, they are masked by floodplain deposits until 
exposed by channel migrations (Figure l+JLj.). 
In some instances the previous channel had greater 
discharge and therefore higher entrainment velocities. 
Deposition frequently produced "gravel trains" which are 
found today enclosed within the finer sedimentary mass. 
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Figure i|i|. - Exposed relict channel deposits 
(B9-I4.6). It is 3.5 feet (1.06 m.) from the 
gravel surface to the water level. 
At the particular location of gravel masses resulting 
from the gravel trains there is not sufficient water 
discharge to transport the larger sediments. This 
lack of entrainment and transport power creates a 
situation in which the coarse sediments form a trans­
verse bar which controls the alignment of the channel. 
This is not to imply that there has been a climatic 
change from a wet period to a dry period, but only 
illustrates that there was a larger percent of the 
total river discharge through the relict channels. 
These transverse bars appear in several locations 
in the delta. Greater velocity would reduce the bar 
influence on channel configuration, and reduction from 
the present discharge would increase the effectiveness 
of the bar in governing the course of the future channel. 
The most impressive of this type feature is the 
large gravel bar in the east distributary at Bl|.-68 
(Figure i+5). The exposed gravel mass extends a short 
Figure ij.5 - Transverse bar of grav­
el altering the alignment of the 
present distributary channel (BJ4.— 
68). Stage -O.35 m. (-l.l5ft.J. 
distance upstream from the relict channel course. 
This can be explained by lateral channel displacement, 
with the relict channel configuration offering no con­
trary evidence. The relict channel location is further 
evidenced by lakes on either side of the present chan­
nel (Figure 2). 
The gravel mass, shoaling the present distributary 
as it does, is forcing the river to the west. The de­
veloping course is out of line with the natural reach. 
By constriction of the channel the velocity of the water 
was increased and gravel entrainment became possible. 
A deep scour pool has since formed at the west cutbank. 
This results in a transverse channel-bar forming a me­
ander out of phase with the present longitudinal channel 
morphology (Figure 1+5). 
The damming action of the gravel mass may raise the 
water level enough upstream to effectively increase the 
hydraulic gradient in the area of constriction, but 
measurements are not available. 
As previously noted, the eastern distributary dis­
charge is increasing. It is quite possible that the 
present western distributary will be effectively by­
passed and there will be sufficient flow in the east 
distributary to entrain the present mass of gravel at 
BI4.-68. This would probably result in smoothing out the 
longitudinal channel configuration (Figure lj.5) • 
Alteration of the Accretionary Channel Features 
The fluvially deposited channel features described 
above undergo morphologic modifications by ice transport 
and scour. Vegetal debris masses are often found on the 
gravel bars in conjunction with three types of scour 
patterns; horseshoe, skewed, and lateral. Sedimentary 
veneers are also distinct in location and pattern. 
Ice. Second only to water as the most important 
agent altering river deposits is ice. Ice, as an as­
pect of fluvial processes in arctic rivers, is manifest 
in various forms and processes. Ice blocks in their 
movement during breakup shove and furrow the surface. 
Occasionally ice has sediment and vegetal debris fro­
zen into its mass. These sediments and debris are 
later deposited downstream after breakup and subsequent 
ice melt. 
The derangement of fluvially deposited materials as 
a result of ice-shove is striking throughout the dis­
tributary channels. Figure 1+6 shows gravel which has 
been displaced. Approximately four inches (10.16 cm.) 
of gravel has been planed off the bar surface by the 
ice and shoved into a ridge ((1+6-1)). Other ridges 
are also prominent to the right of the ice block ((i+6-
2)). Such ridges alter the flow characteristics of 
water and will fluvially interact as a bed form upon 
the rise of spring flood waters. 
On the higher portions of accretionary bars small 
terrace-like forms caused by ice-shove are frequently 
present. In 1967 such features retained their morpho­
logic identity for at no time did the river attain 
sufficient entrainment velocity to rearrange the 
sediments. 
Figure 1+6 - Ice-shove features on a gravel 
bar (B1+-68). 
Ice-block rafting of tree size debris (Figure 1+7) 
was not common in 1967. Rafting of small vegetal debris 
Figure 1+7 - Ice-block debris rafting. 
from slumping or sloughing banks and fluvially deposited 
debris was undoubtedly the most common method of attach­
ment for those few examples observed. 
Furrows caused by ice and by debris lodged in ice 
are conspicuous on most gravel bars (Figure I4.8). There 
Figure I4.8 - Gravel bar scour trail by debris 
lodged in an ice block. 
are no particular distinctions between the two types 
of furrowing. However, those caused by debris lodged 
in ice are usually marked by the debris which is left 
at the end of the scour trail after the ice has melted. 
Probably some furrows caused by debris were mistaken 
for ice furrows because of later fluvial entrainment of 
the debris. This is a result of sufficient discharge 
to float debris but insufficient discharge and turbulence 
to erase the furrows. 
Usually there are ice-shove ridges downstream from 
those furrows caused by moving ice blocks. These ridges 
establish the location at which ice block movement ceased 
and designate where melting occurred (Figure J4.6). 
Sometimes furrows caused by debris lodged in the 
ice did not have companion ridges caused by ice-shove. 
This is because the debris would have braked the block 
to a stop prior to planing of the bar by the ice block. 
Furrowing by trees such as that described for the 
Yukon and Porcupine Rivers (Barnett, 1908, p.77) is not 
important in the Blow River delta because trees of 
sufficient size to float over a bar while furrowing 
the surface with a limb or root are lacking. 
Vegetal Debris. Practically all the organic debris 
attached, transported, and deposited by ice consists of 
willow and alder bushes and trees. After deposition of 
the larger masses, broken branches, roots, and grasses 
commonly clog the interstices of the debris. This pro­
vides a more coherent mass for impeding water flow 
which results in a greater amount of sedimentation from 
the suspended load. 
Practically all trees, or large bushes, are found 
deposited in such a manner that their roots face up­
stream. Additional smaller debris captured by the large 
mass is usually found lodged horizontally. 
As there is no ridge and swale type topography on 
the Blow River delta channel bars the factors governing 
the location of the larger debris masses are; river stage, 
depth of debris mass below the water surface while float­
ing, current velocity, current direction, and ice-shove. 
After large debris masses are deposited on the gravel 
bars scouring action often occurs. Scour forms are of 
three types; horseshoe, skewed, and lateral.^" 
The horseshoe type (Figure lj.9) is associated with 
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Figure i+9 - Horseshoe type scour feature. 
the more massive root-trunk debris accumulations. Scour 
is deepest at the upstream portion of the debris mass. 
Depth of scour becomes less along the sides of the mass 
with distance downstream until there is no scour of the 
bar surface. 
Moore and Masch (1965, p.3l4~320) in their experi-
Scour-form terminology is the author's. 
mental flume study of scour and deposition in relation 
to an obstruction in a channel provide an explanation 
of the responsible processes. It is stated that the 
current strikes the obstruction, which in the Blow River 
is the upstream portion of the debris mass, with a "non­
uniform approach velocity"; a velocity that decreases 
with depth. Upon contact with the debris mass the faster 
surface water is deflected downward in a vertical jet 
which becomes a secondary flow and has a higher velocity 
than naturally occurs on the bar surface (Ibid, p.316). 
This accounts for the fact that the maximum depth of 
the scour hole occurs at the most upstream portion of 
the debris. Further strong downward secondary flow 
turbulence in the area on each side of the debris, ini­
tiated by the front of the obstruction, creates the 
"scour tails" of Moore and Masch (Ibid, p.318). 
The steepest measured slope in a horseshoe scour 
hole was 3J4.0, and the minimum slope, measured on the 
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upstream portion, was 19 . Of the 20 measurements 
taken, the mean maximum slope at the steepest point was 
28.5°• Slope angle of the horseshoe scour holes de­
creases gradually with distance along the debris in 
the scour tails. 
The second of the scour forms is the skewed type 
(Figure 50). It is characterized by more scour on one 
side of the debris mass than the other. It is postulated 
Figure 50 - Skewed type scour feature. 
that this form results from a change in stream flow 
direction subsequent to initial debris deposition and 
scour. Migration of the channel away from the debris 
would change the direction of flood flow to a more 
oblique angle. 
Exceptions occur where skewed types would be expect­
ed because of the oblique flow direction, but horseshoe 
types exist. This can sometimes be explained if the 
river has recently and rapidly migrated away. Thus the 
number of floods has been insufficient for altering a 
horseshoe type into a skewed type. However, one massive 
flood could probably change any feature from one type 
to another. 
The third scour feature is the lateral type (Figure 
51). It lacks, or at best has a very small upstream 
Figure 5>1 - Lateral type scour feature. 
scour hole. However, scour tail holes which occur on 
each side of the debris, provide the lateral emphasis 
which suggested the name. It is believed that this form 
results from a lack of secondary flow turbulence suf­
ficient to scour and entrain the cobble-gravel material 
at the front of the debris. However, enough secondary 
flow turbulence is initiated by the debris mass as the 
water flows by its front to create the lateral scour 
tails. 
All three types of scour forms retain their erosive 
identities in the upper delta until the stream changes 
either course or discharge. In the upper delta, where 
the vast majority of the debris scour features occur, 
there is little deposition of fine materials (i.e., 
sand and silt) in the turbulent scour areas because of 
the high velocities. 
Some debris masses have been surrounded to such 
depths by the gravel that erosive action by channel 
migration would be needed before entrainment and flota­
tion of the mass could occur. 
Wake-zone deposition proceeds simultaneously with 
scour hole and scour tail erosion (Ibid, p.315) and is 
the result of a rapid decrease in velocity and tvirbulence 
on the lee side of the debris mass. 
Horseshoe scour features commonly lack a fine sedi­
ment wake-zone accumulation (Figure 52), although 
occasionally small depositional cones of finer material 
do occur. 
Figure 52 - The wake zone of a horseshoe type 
scour feature. 
Figure 53» a debris mass with skewed scour, has a 
skewed depositional pattern. Falling stage levels are 
reflected in small fluvially cut scarps on the wake-zone 
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Figure 53 - Debris mass deposition common to 
skewed and lateral type scour. Caribou 
tracks along the crest. 
sedimentary cone. 
Debris mass and highest river stages combine to 
determine the height to which sediment accumulates above 
the bar surface. In turn this height dictates the level 
at which the original tussock flat is established. 
Lodgement of a debris mass on a gravel bar, sub­
sequent scour and incorporation of the mass into the bar, 
and then coverage by a tussock flat, explains why debris 
masses can be seen in cutbanks of the present dis­
tributary systems. 
Fine Sediment Veneers. On the downstream portion, 
or lee side of the larger accretionary channel features 
there is usually a veneer of fine sediments. The fluvial 
conditions responsible for the formation of these veneers 
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result from stream flow, chute cutoff flow and tussock 
flat flow. Eolian processes are also effective in dis­
tribution of the fine sedimentary layers. 
(1) Stream flow, after passing the point of an 
accretionary feature encounters an area of relatively 
slack water which is dominated by counter-current pat­
terns. These counter currents decrease the flow to a 
velocity there sedimentation can occur. 
Counter-current areas on the downstream portion of 
the accretionary channel features tend also to be zones 
of debris lodgement, particularly during falling river 
stage (Figure 51+). The currents in the lee of these 
Figure 51j. - Debris lodgement and a thin sedi­
mentary veneer on the lee side of a point bar 
(B14--55). 
accretionary channel features is so confused and slow 
that it is only seldon that one finds scour associated 
with the debris. Note the lateral type scour in the pro­
cess of being filled with fine sediments to the right of 
the debris mass in the foreground of Figure 54' 
(2) Chute cutoff water, when reaching the main 
channel, encounters slack conditions and counter currents 
which decrease the flow velocity. This lower velocity 
causes deposition of the coarser particles from the 
suspended load of the chute cutoff flow. 
(3) When the river reaches a stage such that the 
tussock flats are submerged there is an additional cause 
for deposition. When the grass tussock clumps are en­
countered, and especially the tussock flats proper, the 
current is impeded, velocity decreases, and deposition 
occurs. After the water lowered from its highest stages 
in 1967 all large accretionary channel features observed 
had lee side counter-current patterns. 
These fine sedimentary veneers generally range in 
thickness from one inch to about six inches (2.54 "to 
15«24 cm.). Areas with veneer depths greater than six 
inches (15.24 cm.) are rare. However, one area had a 
depth of three feet (0.91 m.). 
Sedimentary veneers also have peculiar microfeatures. 
Polygonal cracks, similar in shape to the dessication 
cracks formed in drying muds (Twenhofel, 1932, p.685-
692), formed with a quick, hard freeze. Crack depths 
ranged from less than an inch to four inches (2.54 to 
10.16 cm.). 
Eolian Processes. Many of the fine sedimentary 
veneers are admixed with fine organic materials. Bind­
ing of the organic debris helped retain the general rip­
ple form for a short period of time after the inorganic 
materials were dried, loosened, and blown away. These 
emphemeral organic ripple forms could stand in winds of 
15 miles per hour (2J4..I kms/h), but crumbled at the 
touch. This may be one of the reasons one finds strati­
fication of fine deposits which have layers of organic 
debris interbedded with sands and silts. 
When the accretionary channel features are exposed 
to eolian processes thin veneers of detrital sediment, 
or organic materials, collect in the lee of obstructions 
to winds. With a change in wind direction these 
materials are deposited elsewhere. In those places 
where both fluvial and eolian deposition occurs thin 
organic layers often appear in the stratified veneer. 
Chute Cutoffs 
When a stream in a meander loop shortens its course 
by initiating a new channel along a swale on the bar en­
closed by the loop the channel is termed a chute cutoff 
(Pisk, 19M+J Allen, 1965* p.119). Chute courses may 
also form in the swale which marks the position occupied 
by the channel at the beginning of its meander formation. 
Such chutes may be maintained throughout the history of 
the point bar development (Fisk, 1947* P»37). 
In the Blow River active chute cutoff3 generally 
have a narrow upstream entrance. Downstream they widen 
and enlarge until at the point where they enter the main 
channel they are a bell-shaped drowned embayment. These 
cutoffs commonly have a veneer of fine sediment which 
increases in thickness downstream because discharge 
through the narrow entrance expands and slows, resulting 
in increased deposition. 
Commonly the cutoff is shallow at the upstream end, 
gradually deepening downstream, and has a rectangular 
cross section. Small terrace forms cut into the sedi­
mentary veneers appear after flooding-(Figure 55) • 
Figure 55 - Flat-floor channel geometry with 
terraces in a chute cutoff. Paddle 54 inches 
(137.16 cm.) long. 
In the chute cutoffs ripples are of the linguoid-
lunate type. Seldom do other ripple types occur in the 
sedimentary veneers of the cutoffs. 
The chutes in the Blow River distributary system 
are closed by construction of a longitudinal bar of 
bed load material across the entrance. The channels 
gradually become shallower and narrower. Pilling is 
completed by suspended sediment during overbank flood­
ing. Eventually alluviation processes fill in the cut­
off depression from both the levee side and the point 
bar side. This creates a generally smooth surface 
from the point bar to the levee. 
All closed chutes observed had a small relict chan­
nel next to the levee, sometimes no more than six inches 
(15.21}. cm.) lower than the mature tussock flat and no 
more than four to five feet (1.22 to 1.52 m.) across. 
During flooding these depressions contained very slowly 
flowing water. After flooding these depressions hold 
standing water for several days. 
A second type of chute cutoff is associated with 
cobble-gravel accretionary forms (Figures and 57). 
The bar is barren of a tussock flat. There is a convex 
rounding of the bar normal to the stream channel. A 
chute cutoff is maintained along the front of the tusscok 
flat as it builds out from the levee (Figure 57)• 
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Figure $6 - Cross section of the point bar and tussock flat 
at Blj.-55« 
Figure 57 - Location of the cross 
section of Figure Stage -0.35 m. 
(-1.15 ft.). 
is generally concave with scattered colonizing grass 
tussocks. This relationship is indicative of the tussock 
flat migrating toward the bar crest. 
Chute cutoffs also breach mature tussock flats. 
Figure $8 illustrates such a feature, as viewed down­
stream. Flow through this cutoff is maintained at lower 
Figure 58 - Chute cutoff breach of a mature 
tussock flat (B3-79). Stage -0.12 m. (-0.39 
ft.). 
stages than is common in the other types of cutoff. 
Wind drifted snow (Figure 59) fills this cutoff 
during the winter months. This snow plug effectively 
blocked the cutoff during breakup flooding in 1967. 
Gravel Plugs 
The gravel plugs observed in the Blow River delta 
were formed by a process similar to that described by 
Welder for distributary channel closing (1959, p.61}.). 
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Figure 59 - Looking the opposite direction 
from Figure $Q. Note the snow-drift plug that 
resisted breakup flood erosion. 
Deposition in the form of longitudinal bar construction 
is most active at the upstream portion of the channel 
being abandoned. This bar construction in the upper 
delta of the Blow River is of the predominantly 
gravel bed load and effectively plugs the abandoning 
channel. As the angle of divergence between the 
closing channel and the trunk stream increases the 
channel is sealed at the relict bifurcation area. 
Eventually the abandoned channel will be filled with 
finer sediments contained in the higher flow regimes 
which are able to top the gravel plug. 
Throughout the Blow River distributary system there 
are numerous channels which are either abandoned or are 
in the process of abandonment. 
/ 
The gravel plug shown in Figure 60 has not yet 
Figure 60 - Gravel plug of a small stream on 
the western distributary (C2-lj.3)« Stage -0.20 
m. (-0.66 ft.). 
completely sealed off the minor distributary channel. 
At this point of evolution the water enters the smaller 
channel at the downstream end of the gravel plug. The 
structure of the plug is such that the water flows 
parallel to the main channel, but in the opposite 
direction before continuing its flow in the alluviating 
channel. 
When the gravel plug has attained the greatest 
height possible for the particular channel discharge, 
tussock colonization is initiated. Colonization by 
willows during levee building will sometimes make the 
initial gravel plug almost indistinguishable from those 
it merges with on either side. 
CHAPTER V - LEVEES1 
Levees in the Blow River delta are similar in many 
ways to levees throughout the world. Generally they are 
highest and widest in the upper delta; recession of the 
levees is active in the concave segments of the sinuous 
and meandering channels; certain vegetation characteris­
tics delimit the extent of the natural levees; and 
effects of periodic sea level changes are reflected in 
levee morphology in the lower delta. All levees in the 
Blow River distributary system are under the influence 
of permafrost. 
Upper Delta Levees 
Levee construction, maintenance, and eventual de­
struction is modified by composition of detrital material, 
permafrost, vegetation, eolian influences, variations in 
river stage and current velocity, exposure to river flow 
and insolation, and air and water temperatures (Walker 
and Arnborg, 1965* p.l6ij.). 
Construction. Because of the cutting on the concave 
sections and the deposition on the convex sections of 
the distributaries, levees opposite one another usually 
have different widths. 
Portions of the upper delta levee system, especially 
1 
Levees - See Appendix V. 
in those areas facing the strong winds from the northwest 
and southwest, have levee heights seemingly dispropor­
tionate to the river flood stage of 1967• It is postu­
lated that in these areas of disproportionately high 
levees eolian processes have constructed levees in ex­
cess of flood stage washover. 
With increased height, the levees are better able 
to contain the channel flow and therefore resist chan­
nel bifurcation (Axelsson, 1967, P«33)« This theory 
appears to have some validity for the Blow River upper 
delta as there are few distributary bifurcations. How­
ever, the lack of bifurcations may be more a result of 
channel control by subsurface materials than by the 
levee system. 
The willow and alder covered levees of the upper 
delta exhibit narrow widths in relation to heights. 
Steep levee backslope to the adjacent flood plain is 
characteristic, as is the abrupt cessation of vascular 
plants upon contact with the flood plain. The tallest 
vegetation in the delta, 12 to 15 feet (3.05 to lj..57 m.), 
occurs on the highest portion of the levees, or just 
below the crest on the levee backslope. There is a 
rapid decrease in plant height down the levee backslope 
toward the flood plain with the smallest vascular plants 
only 9 to 12 inches (22.86 to 3O.I4.8 cm.) high near the 
toe of the levee. 
In the upper delta, levees are initiated as tussock 
flat deposits of fluvially suspended materials over the 
coarser accretionary channel features described above. 
They are subsequently colonized by grasses and the larger 
vascular plants which retard overbank flow. Upper delta 
levee construction is also affected by eolian sediments. 
Wind etching of the exposed cutbank scarps was ob­
served in the Blow River delta. The finer fractions of 
the eroded material were transported to the levee crests 
and deposited. 
•During periods of maximum flood in the spring 
snowbanks which have not melted add to levee height 
arid provide additional barriers to overbank flow. 
The largest sedimentary material on the upper delta 
levee crests was in the range of one to two millimeters 
in diameter. These sediments were found on the levees 
at heights in excess of five feet (1.52 m.) above the 
flood stage crest of 1967. 
Generally levees which have been truncated and ex­
posed are steep, often exhibiting vertical faces. Pine 
sediments in vegetated areas are more cohesive than the 
coarser sediments or those sediments not bound by root 
systems. Natural compaction in the finer sediments, 
especially when root systems are involved, also adds to 
the cohesiveness (Figure 61). 
Figure 61 - Fine cohesive sediments overlying 
poorly consolidated coarse materials in a 
truncated levee (B3-51j.). 
The proportion of sand in the total sedimentary 
mass of the delta is quite small. Sand fluvially de­
posited on the more exposed areas in the delta is avail­
able for wind transport. That material deposited in 
the channel beds may be exposed during lower river 
stages. Eolian entrainment also depends on whether or 
not the deposits are covered by snow or frozen solid. 
As Bagnold has shown, for any given wind velocity 
the rate of sand flow over a coarser grained surface is 
greater than the maximum rate possible over a surface 
of plain sand (1965, p.71, and p.169). Saltation of 
individual particles also reaches greater heights and 
is transported greater distances over coarse materials. 
These facts have great significance in the Blow River 
delta because of the composition of the channels and 
bars; its strong winds, and the flat-surfaced shale sands. 
The strong winds which occur in the Blow River delta 
frequently have speeds higher than the velocity necessary 
to entrain and transport flat sand particles. Because 
the sand is flat it may "sail" and be carried to higher 
levels than is otherwise anticipated for equivalent 
spherical diameters. 
Sand particles may be carried to higher levels than 
one would expect because of the development of snowbanks 
along the edges of the stream channels during the winter. 
This is especially true on exposed slopes that face open 
areas that are swept clear of snow by high winds (Figure 
62). Snow accumulates in sheltered areas, particularly 
Figure 62 - Snowbank on an exposed slope with 
eolian deposits in excess of lij. inches (35»5>6 
cm.) (Bl-54)• 
at the base of levees, in chute cutoffs, and on levees 
e 
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where willows and alders function as a natural snow fence. 
Snow accumulations at the front of levees provide a fro­
zen ramp up which snow and sand is easily saltated. 
Seldom is there any interbedding of snow and sedi­
ment in these banks; apparently the snow accumulates 
after the exposed areas in the delta are frozen in the 
late fall or early winter. In the early spring prior 
to much snow melt the exposed sand deposits on the gravel 
bars and in the stream channels are thawed enough for 
entrainment during periods of high winds. 
Wilson, in writing about Jan Mayen and Cornwallis 
islands noted that "dirt" was deposited on the surface 
of clean snow in sheltered areas (1958* p.191-193)* 
In addition to detrital sediment, organic deposition 
occurred on snowbanks (Figure 63). This is attributed 
to entrainment in the spring of organic debris such 
as leaves, small branches, and dead grasses which accumu­
lated in the fall and were covered by a thin layer of 
snow if covered at all. Some deposits, such as that 
shown in Figure 63, lacked mineral matter apparently 
because there is no mineral matter available for trans­
port in the locality directly upwind. 
All the levees observed in the spring of 1967 on the 
Blow River distributary system had snowbanks accumulated 
in the trees on the levee crests. Depending upon ex­
posure to the prevailing transporting wind and the density 
Figure 63 - Organic debris de­
posited on a snowbank (C5-36). 
Scale in inches. 
of the willows and alders, the snowbanks varied in amount 
of accumulation. Figure 6I4. shows a four to six inch 
(10.61 to 15.2cm.) sediment layer over a three foot 
(0.91 m.) snow accumulation on a levee crest. The snow 
fence effect of willows and alders on a natrual levee 
is strikingly illustrated in Figure 65. Snow and sedi­
ment has covered the trees to depths of six feet (I.83 m.) 
Subsequent snow melt leaves sediment on the tree branches. 
Snowbanks overlain by a layer of sediment tend to 
melt at a slower rate than those exposed directly to 
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Figure 6ij. - Snow overlain by sediments. 
fr*J 
Figure 65 - The snow fence effect of willows 
on an alluvial flood plain levee. 
the sun because the sediment acts as an insulator (Ibid, 
p.197). The thicker the overlying sediments, the less 
rapid the snow melt. The thickness of the sedimentary 
blanket in the Blow River delta varies greatly. 
Figure 66 is a cross section normal to the levee 
located at B3-51J- which was one of several reoccupied 
periodically for the purpose of ascertaining both the 
rate of snow melt and the propagation of the active 
layer below the overlying snowbank. 
The cross section starts approximately six feet 
(1.83 m.) from a vertical cutbank in a concave portion 
of the channel. From 0-18 feet (0-5.14-9 m.) the willows 
are dense and reach heights in excess of 12 feet (3.66 m. 
The lower three to five feet (0.91 to 1.52 m.) of the 
willows have a less dense branch network than the upper 
portion of the trees and allow the snow and sediment 
to be transported up to 75 feet (22.8 m.) across the 
levee. From 20-60 feet (6.10 to 18.29 m.) is an area 
of fairly open willows where snow accumulates to con­
siderable depths. At 60 feet (18.29 m.) dense willows, 
similar to the 0-18 feet (0-5.14-9 m.) stand are prevalent. 
The snowbank terminates at approximately 65-70 feet 
(19.81 to 21.314. m.) on the cross section. 
The survey of 5-27-67 was made after some melting 
of the snowbank had already occurred. Active layer 
propagation was not equal in rate along the cross section 
Two distinct anomalies, one at 25 feet (7*62 m.) and 
the other at 50-55 feet (I5.2lj.-l6.76 m.) show the snow 
melt surface of 7-17-67 to be below the permafrost sur­
face detected by probe on 5-27. These two areas were 
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Figure 66 - Cross section of the levee at B2>Sh which was periodically 
reoccupied to ascertain the depth of the snowbank and the rate of active 
layer propagation. 
melt-water channels and the previous Pall may have found 
the channel water freezing, thereby giving a "false" 
permafrost probe on 5-27. Also evident is the distinctly 
deeper active layer horizon below the melt-water channels 
which reflects the warmer nature of the melt water in 
comparison to the surrounding snow accumulations. 
The slow rate at which the active layer develops on 
each end of the cross section illustrates the insulating 
effect of the tall, dense willows. These trees protect 
the ground from much direct sunlight, which in turn 
keeps the temperature significantly lower than the areas 
exposed to direct sunlight. 
The above cited evidence on levee construction being 
aided considerably by eolian processes leads to the con­
clusion that the levees in the upper delta of the Blow 
River are in the main unlike the levees usually described 
in the literature; which are usually products of fluvial 
processes interacting with vegetation. It is quite 
possible that the mature levees have crest heights in 
excess of the highest flood stages. 
Destruction. Crevassing, or breaching of the levees, 
is a common occurrence in most natural daltas. Evidence 
of former breaching in the upper delta was only rarely 
observed, and in 1967 there was no overtopping of the 
levees by flood waters, therefore precluding breaching 
of the levees. 
The willow and alder covered levees of the upper 
delta are eroded by the river in distinct patterns as 
the distributary channels migrate across the delta 
surface. 
The two most important processes affecting bank 
recession in the Blow River are the mechanical erosion 
by flowing water and the thermal influences of the water 
which accelerate the thaw of the frozen banks. River 
erosion is effective for four to five months during the 
year, a period similar to that observed in other arctic 
rivers. 
Bank erosion, involving both slumping and sloughing, 
occurs during breakup flooding and probably also during 
prebreakup flooding although in lesser amounts. 
Thermo-erosion is not confined to concave bank 
portions of the distributary channels, but is an active 
process everywhere flowing water comes in contact with 
frozen sediments of the levee system. 
The willow and alder covered levees recede in three 
general ways: (1) Large blocks break off from the bank 
and are a result of horizontal thermo-erosion in the 
cohesive banks removing support for the overlying 
material (Figure 67). 
(2) By the breaking off of small blocks a large 
cavern type feature is formed. Erosion in the thermo-
erosional niche doesn't reach sufficient depth to cause 
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Figure 67 - Block slump caused by a thermo-
erosional niche (B5-61). Stage -0.06 m. 
(-0.19 ft.). 
the massive block slump of (1), but thaw processes, both 
horizontally and vertically, thaws the roof and bank of 
the niche which falls in relatively small pieces into 
the water. The shallow depth of the niche, three to 
four feet (0.91 to 1.22 m.), is due to an insufficient 
time of thermal exchange between the water and the 
frozen sediment of the banks. 
With the vertical thaw and falling of the sediment 
a rather large cavern develops instead of just a niche 
(Figure 68). The roof of the cavern, not supported by 
sediments, is in fact a roof of willow and alder root 
systems that are intertwined. Eventually there will be 
sufficient horizontal erosion to create a cavern too 
deep for the root mat to maintain its unsupported posi­
tion and it will collapse and mask the bank (Figure 68). 
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Figure 68 - Vegetation mat collapse over a 
thermo-erosional cavern (B6-58). Stage 
-0.20 m. (-0.66 ft.). 
(3) Sloughing from overly steepened, exposed banks 
(Figure 69). 
Figure 69 - Sloughing of an overly steepened 
exposed bank (Bl|.-68). Stage -0.11 m. (-O.36 
ft.). 
Ice wedges, although important in bank slumping 
elsewhere, were not observed in the exposed banks of 
the Blow River in 1967. 
Currents adjacent to the receding banks tend to be 
quite turbulent because of the interference to the 
channel flow resulting from collapsed blocks, vegetation 
mats, and other debris which have accumulated. At 
concave cutbanks there are countercurrent cells, some 
of which have a vortex several inches below the general 
water level. The larger cells are five to eight feet 
(1.52 to 2.24J4. m.) in diameter. 
In 1967 the rain flood with attendant abrupt rise 
and powerful currents detached large sections of many 
of the hanging vegetation mats and deposited fragments 
of them downstream. Incorporation of hanging mats 
into ice blocks during freezeup and subsequent detach­
ment during the breakup flood accounts for much bank 
exposure and for movement of debris downstream. 
When periodically observing a particular area and 
noting both vertical and horizontal thaw, one is im­
pressed by the seemingly rapid rate at which banks recede. 
However, comparison of present bank locations with 11-
year old aerial photographs shows very few apparent 
changes. The scale of the photographs is so small that 
valid statements on rate of bank recession cannot be 
made. 
Vegetation mats hanging in the water serve as bar­
riers to rapid stream flow and thereby protect the 
banks at the rear of the caverns. 
Discordant Levee Heights. Several of the processes 
operating in the Blow River delta have combined to create 
anomalies in the levees. 
Literature concerning levee morphology commonly pre­
sents the theory that the highest and widest levees 
occur upstream and that there is a decrease in both 
height and width with distance downstream. Generally 
this is true on the Blow River distributary channels. 
However, when traveling downstream areas are encountered 
where the levees are higher than upstream (B5-61, BJ4.-68, 
and B6-76). Prom the flood plain these higher levees 
appear as raised hillocks. In fact, except for the 
incipient pingo-like mound described earlier, the major 
variations in relief are associated with these highest 
levees. 
Two such features were studied (B5-61 and Bij.-68). 
Both have been truncated and both have strata which lies 
on a rather uniformly horizontal plane. Ice lens defor­
mation seems to be ruled out as a causative process 
(Figure 70). 
In the past these areas were favorably exposed to 
the winds which were able to saltate sediments to heights 
in excess of overbank flow in the manner described above. 
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Figure 70 - Discordantly high levee with horizontal 
strata (BJ4.-68). Stage -0.11 m. (-O.36 ft.). A-B= 
12 ft. (3.35 m.). 
The river then meandered or diverted its course in a 
manner that prevented destruction of these particular 
sites. None of the discordant levees have similar 
topographic expression or height on their opposite 
paired levee. Differences of 10 feet (3.05 m.) in 
paired levee height were recorded. 
The river is now in the process of eroding these 
discordantly high sites. The lower levee heights up­
stream are a result of the impinging channel cutting in­
to the old levee, thereby having as a crest the lower 
elevations of what was once a levee backslope. Eventu­
ally washover will be possible when a sufficiently low 
elevation of the backslope is reached. Breaching, and 
possible channel diversion would then be possible. It 
is not inferred that higher levees are constructed 
downstream than are constructed upstream. The theory 
of higher levees upstream still holds true. The 
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anomalous heights are remnant levees from earlier stream 
courses with a different alignment than the present 
channel. 
Lower Delta Levees 
The lower delta levees are constructed almost 
totally from fluvially suspended materials contained in 
the overbank flow. There is very little eolian deposi­
tion in the lower delta; mainly because there are no 
exposed gravel bars to collect loose sediments. 
Because of the low relief in the lower delta, levees 
are sometimes difficult to discern visually, yet are 
readily apparent when transects normal to the lower 
delta stream channels are plotted. 
Vegetation influences on levee bank slump are dis­
tinct. Willow and alder growth on the levees is absent 
for the most part due to local geomorphic and edaphic 
factors rather than any microclimatic influences (Mackay, 
1963a, p.172). 
Levees and flood plains in the lower delta often 
contain a high percentage of peat, and as in the Colville 
River delta (Walker and Arnborg, 1965, p.168) ice within 
the receding banks is an important geomorphic factor, 
though not on such a massive scale. 
Vegetation consists generally of two grass types; 
clump grass (Figure 71) and mat grass (Figure 72). 
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Figure 71 - Lower delta bank caving in blocks. 
Figure 72 - Lower delta bank slumping with 
higher stage overbank deposits. 
The root system of the clump grass extends to a ; 
greater depth in the soil and also tends to bind the 
sediment. This provides a cohesive parcel of material 
which breaks off from the levee in small blocks 
(Figure 71). 
Mat grass, with its shallow root system binds the 
surface into a fairly cohesive covering which favors a 
solifluction type flow (Figure 72). The banks covered 
by the mat grass are sometimes found to slump in blocks 
in the lower delta cutbanks. This block slumping ap­
pears to be caused by planes of weakness formed by 
dessication cracks (Figure 73). These cracks are poly-
Figure 73 - Dessication cracks delimited by 
lineations of grass in the lower delta. 
gonal in form, probably initiated by drying after spring 
flooding. These cracks form planes of weakness that 
provide the block form which slumps when the base is 
eroded and can no longer support the block. 
Discordant levee heights also occur in the lower 
delta. Their formation is different than the discordant 
upper and middle delta willow and alder covered levees. 
Figure 71+ illustrates a typical log accumulation in 
the process of incorporation into the natural levee. 
Almost without exception the logs accumulate on the east 
banks of water bodies because of the transporting wester­
ly storms with attendant surge floating the logs across 
Figure 7ll- - Lower delta levee log accumulation 
on the east bank (CO-86). 
the water body and onto the lee-side bank. General 
alignment of logs is parallel to the shore of the 
neighboring water body. Such log accumulations cause 
the levees on opposite sides of the channel to be dis­
cordant. 
Eventually, log-incorporated levees attain a height 
sufficient to support willow and alder trees. This 
change in vegetation is conspicuous and gives the ap­
pearance of one of the paired levees seemingly extending 
farther into the lower delta. 
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There are many examples of lower delta levee-remnants 
isolated in the flood plain where only one levee remnant 
of a pair remains visible after channel abandonment and 
subsequent alluviation. 
Three processes are possibly involved in this pheno­
menon: (1) Flood plain progradation has covered the low­
est levee of a pair. The log incorporated levee, because 
of its greater elevation, has remained above the flood 
plain. Presumably both levees would undergo subsidence 
and compaction, or a combination thereof. Probably the 
log incorporated levee because of the greater size and 
weight would subside faster, but the height differential 
in some cases is so great that the log incorporated levee 
would still be prominent in the flood plain. 
(2) Due to rapid lateral displacement of the channel 
across the flood plain, one levee remains while the 
other is eroded. 
(3) Because of river diversion upstream the channel 
becomes a lake. While the lake is undergoing enlarge­
ment by thawing and slumping one side of the lake may 
be eroded at a faster rate than the other, leaving only 
one levee of the pair. 
SUMMARY AND CONCLUSIONS 
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A geomorphic reconnaissance of a small delta in the 
American Arctic was made in the spring and summer of 
1967. Field work, from May 19 to July 21, provided 
significant information about the character of the phy­
sical setting. 
The drainage basin includes the northernmost segment 
of the Richardson Mountains and portions of the Barn 
Mountains. After leaving the higher elevations in the 
central drainage basin the incised river crosses the 
rolling hills of the Arctic Plateau and the relatively 
featureless strip of the Coastal Plain before issuing 
into the Beaufort Sea. 
The climate is typical of the arctic coasts; long, 
cold winters of seven to eight months duration and 
short, cool summers lasting three to four months. The 
three dominant climatic controls are insolation, air 
masses, and the Beaufort Sea which has a moderating 
influence. 
The hydrologic year delimited by Walker and Arnborg 
(1965, p.165) for the Colville River was found to be 
applicable in general for the Blow River. In 1967 
breakup in the Blow River occurred approximately 15 
days after the thawing threshold date (mean daily 
temperature of 32°F.). However, 1967 was not a typical 
year for an unseasonable warm spell in early May trig­
gered the breakup earlier than would usually be the case. 
The highest river stages did not coincide with 
breakup flooding as sometimes occurs in some arctic 
rivers. One period of maximum stage occurred later in 
the spring (end of May) in conjunction with maximum snow 
melt in the drainage basin, whereas another occurred in 
July when rainstorm runoff abruptly raised the river to 
the same stage previously recorded. Attenuation of the 
spM.ng flood stage was slow and lasted for approximately 
three weeks, at which time summer flow regime was estab­
lished. During 1967 floods were not sufficiently high 
to overtop the levees in the upper delta. 
Graphs of the daily stage fluctuations show that 
during the period of maximum melt there was a diurnal 
crest lag of approximately 18 hours between the upper 
drainage basin and the delta apex. Stage reflected 
air temperature; the higher the temperatures the greater 
the runoff. In contrast, the highest daily stage 
usually was coincident with the lowest water tempera­
tures, again a reflection of increased melting. 
Peak suspended sediment concentrations occurred 
subsequent to spring flooding rather than preceding 
or coinciding with the maximum stage as has been 
observed in other rivers. 
The Blow delta is affected by a regional geosyn-
clinal downwarping which is in progress beneath the 
large sedimentary prism of the adjacent Mackenzie River 
delta. 
Periodically the arctic coast is subjected to great 
storm surges which are capable of transporting logs 
over two feet in diameter to locations nearly three 
miles into the delta. 
The lower deltaic plain of the Blow River exhibits 
many of the processes common to deltas throughout the 
world: deposition, erosion, compaction, tides, etc.. 
Dissimilarities between it and nonarctic deltas are 
in general the result of the arctic climate, such as 
an eight month period of snow and ice, continuous perma­
frost and patterned ground, and arctic vegetation. 
Floodplain relief is subdued. Many of the lakes 
of the lower delta originated as non-alluviated remnants 
of previous lower delta distributary systems. Thaw 
processes not only enlarge the established lakes, but 
are sometimes instrumental in lake initiation. The 
chemistry of these lakes was found to be significantly 
different than anticipated because they have been 
subjected to storm surges, breaching, and flushing. 
Those lakes which are connected to the river or sea and 
are periodically flushed are essentially fresh, while 
those lakes affected by inundation of storm surges are 
brackish. 
The periodic storms from the northwest have con­
structed a series of cobble and gravel ridges on the west 
side of the delta. Fronting these beach ridges is a 
short steep gravel-cobble beach which becomes highly 
organic as the western distributary is approached. 
Selective sorting of these organics results in forms 
exhibiting stratification. 
The eastern portion of the deltaic mass overlaps 
and interfingers with the Mackenzie River marginal plain. 
The outer segment of the marginal plain is higher in 
elevation than the inner portion which is an area 
presently deficient in sediments and is compacting and 
subsiding. This combination of events has created an 
area of coalescing lakes and marshy conditions. 
It has been established that the lower trunk channel 
of the Blow River is moving towards the east. If this 
migration continues the east distributary will eventually 
carry more water than the west distributary which now 
has the greater discharge. The movement of the lower 
trunk channel has created an anomalous feature in the 
east distributary. The stream, while impinging on the 
east bluff farther and farther upstream, is causing the 
point bar it is maintaining immediately downstream to 
accrete on the upstream side and thereby migrate upstream 
Three main types of bars exist in the distributary 
system; convex, reversed, and transverse. The convex 
point bar is the type usually described in the literature 
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the type which forms opposite the concave cutbank. The 
reversed point bar results when a stream occupies a 
channel over the inner portion of a point bar and 
commences to migrate in a direction opposite to that of 
the previous channel. Reversal may also take place when 
the channel reverses its lateral movement and rapidly 
reworks the old point bar which eventually forms a 
feature reversed from the prior situation. 
Transverse bars result from the river flow ex­
posing relict channel gravel deposits. The present dis­
charge is not capable of entraining these larger materials 
and the coarse textured bars effectively control the 
local channel alignment. 
Once a point bar has developed sufficiently, 
colonization by hardy grasses will occur. The grasses 
effectively inhibit stream flow, thereby precipitating 
the coarser fractions of the suspended load. Eventually 
grass tussocks coalesce and the point bar alluviates 
to a level at or near that of the adjacent flood plain. 
Colonization by vascular plants occurs when heights above 
the flood plain are attained. 
Accretionary channel features are effectively 
modified by ice shove, scour, and furrowing. Large 
debris mass lodgement on the accretionary channel 
features result in distinct erosional-depositional forms. 
Scour pools in conjunction with the debris forms are 
of three types - horseshoe, skewed, and lateral. Wake 
zone deposition is not common to the horseshoe feature. 
However, sediment accumulation is very distinct in the 
wake area of the skewed and lateral forms. Location 
of debris masses in relation to the active channel 
and flood flow determines the type of scour pattern 
around the debris. 
The downstream portion of accretionary channel 
features in practically all instances have a fine 
sedimentary veneer. This veneer usually results from 
countercurrent deposition and from reduction of velo­
city as the water flows over the tussock flat. 
Chute cutoffs are common features on the upper delta 
point bars. The cutoffs are eventually closed at their 
entrances by longitudinal bars and the relict channels 
alluviate to a level in accordance with the point bar 
tussock flat. Gravel plugs form at the entrance to 
channels of the distributary system that are being 
abandoned in the upper delta. A longitudinal bar of 
bed load material fills in the upper portion of the 
channel undergoing abandonment and the sediments in 
overbank flow during the higher river stages fill the 
channel until flow ceases. 
The levee system is similar in many ways to levees 
throughout the world. They are highest and widest in 
the upper delta; their recession is active on the con­
cave segments of the sinuous and meandering channels; 
a distinctive vegetation delimits their extent, and 
effects of periodic sea level changes are reflected 
in their morphology. 
Levees of the upper delta begin as tussock flats, 
are colonized by vascular plants and accrete by both 
fluvial and eolian deposits. The snow fence effect 
of the willows and alders inhibit eolian transport 
and effectively trap sufficient sediment which results 
in levees that are higher than maximum flood stage. 
With increased height the levees are better able 
to contain the channel flow and thereby resist channel 
bifurcation. The upper delta levees have narrow 
widths in relation to height and have steep backslopes. 
In the Blow River delta bank recession is primarily 
by slumping and sloughing, most of which in 1967 occurred 
during falling stage of the postbreakup flood. Two impor­
tant factors affecting levee recession are: (1) erosion 
by flowing water, and (2) thawing of the frozen banks 
by the relatively warm water present in the channel 
during some four months of the year. 
Levee recession occurs when: (1) horizontal thermo-
erosion creates a niche that effectively removes support 
and causes block slumping, (2) thermo-erosion both 
vertically and horizontally creates a cavern with an 
overhanging vegetation mat. When the mat eventually 
collapses it covers the exposed bank and slows down the 
114.0 
fluvial erosion of the bank, and (3) thawing and sloughing 
of overly steepened banks. 
Lower delta levees are constructed primarily by 
suspended materials in overbank flow and there is little 
eolian effect. Some levees in the lower delta are dis­
cordant in height opposite one another because of logs 
deposited on the crest during storm surges. 
Scattered levee remnants are common in the lower 
delta. In such cases, it is usual that only one side 
of paired levees remains. Several explanations appear 
to fit the conditions, namely: (1) logs are incorporated 
in one levee and not in the other, (2) rapid lateral 
displacement of the channel has eroded one levee and 
not the other, and (3) a remnant channel lake has en­
larged and in the process eroded one levee before the 
other. 
In conclusion it may be stated that this small 
arctic delta has some morphologic characteristics which 
are similar to those described for mid-latitude and 
tropical deltas. Channel configuration, bifurcation and 
closure within the distributary system, progradation and 
recession of the delta front, and the processes of 
compaction and subsidence are examples of commonly 
documented interactions of process and form found in 
deltas throughout the world. 
Dissimilarities between the Blow River delta and 
other deltas, including to some degree those of the 
Arctic, are more evident in the processes which affect 
the levee system. Most distinct are the eolian pro­
cesses operating during construction and the thermo-
erosional processes during destruction. 
The annual flow regime, particularly during spring-
melt runoff, is unique, as are some aspects of the 
construction and modification of the accretionary chan­
nel features. Storm surges, which alter a considerable 
segment of the deltaic mass, are also important. 
The distinct character of the Blow River delta is 
a result of the combination of universally observed, and 
other, less common, constructional and destructional 
processes and forms. 
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APPENDIX I - MEAN TEMPERATURES (°F) , SHINGLE POINT 
1958 1959 I960 1961 
Max. M -10.9 M 0.6(tJm) 
Jan. Mean M -19.1+ M M 
Min. M -27.9 -31.1+ -23.8 
Max. -17.5 M -13.2(6m) 
Feb. Mean -25.8 - 3.3 M M 
Min. -31+. 0 -11.0 -17.2 -28.9 
Max. - 0.6 -12.0 M -ll+.9(3m) 
Mar. Mean - 9.3 -19.5 M -22.1 
Min. -18.0 -27.0 -17.1+ -29.2 
Max. 11.9 11.0 11.7(8m) 2.3 
Apr. Mean 3.1+ 2.8 M - 6.1 
Min. - 5.1 - 5.5 - 7.7 -11+.5 
Max. 29.5 30.5 31.3(1M) M 
May Mean 21+. 7 22.1+ 25.1+ M 
Min. 19.9 11+.3 19.5 M 
Max. 59.3 1+6.7 51.8 1+9.6 
Jun. Mean 50.8 38.7 1*2.7 1+1.8 
Min. 1+2.2 30.6 33.6 33.9 
Max. 65-2 M 56.9 62.6 
Jul. Mean 58.3 M 1+8.3 52.3 
Min. 51.1+ M 39.6 i+2.0 
Max. 63.5 1+8.1 51.5 52.8 
Aug. Mean 51+.2 1+0.8 1+5.1 1+6.5 
Min. 1+1+.8 33.5 39.0 1+0.1 
Max. 1+7.5 38.7 37.9 1+2.8 
Sep. Mean 1+0.1+ 32.8 31+.0 37.2 
Min. 33.2 2.6.9 30.1 31.5 
Max. 21.1+ 20.3 21.3 17.1+ 
Oct. Mean 16.3 ll+.l 16.2 12.1 
Min. 11.2 7.9 11.1 6.8 
Max. 1+.2 - 0.2(16m) - 3.3 l+.l 
Nov. Mean - 2.7 M -11.3 - 1.9 
Min. - 9.6 -18.2 -19.3 - 7.9 
Max. - 6.1+ M 6.8 - 6.1+(6m) 
Dec. Mean -11+. 2 M - 3.1 M 
Min. -22.0 -22.1 -13.1 -21+. 9 
M= records missing for the month. Six or more days 
missing in one month constitutes a missing month for 
monthly mean temperatures. 
(3m)= 3 days records missing, (E)=Estimated figures 
for missing data. 
1958-1962 data source: Original Shingle Point site records 
Can. Dept. Trans., Met. Br., Microfilm. 
APPENDIX I (continued) 
1962 1963 1961+ 1965 
Max. 5.3(2m} M M -15.6(E) 
Jan. Mean -  k > 3  M M -22.3(E) 
Min. -13.9 M -26.2 -29.0 
Max. 1.8 M M -25.0(E) 
Feb. Mean - 6.5 M M -30.7(E) 
Min. -111-.7 M M -36.3 
Max. - 5.il-(2m) M M 11.9 
Mar. Mean -11+.3 M M 1.8 
Min. -23.2 M -26.1+ - 8.3 
Max. 8.8(lm) 21.3 1.8 16.5 
Apr. Mean 1.4 12.4 - 5.1 9.5 
Min. - 6.1 3.14- -11.9 . 2.5 
Max. 25.il- 35.3 30.8 28.1+ 
May Mean 18.9 29.6 23.2 22.0 
Min. 12.3 23.9 15.6 15.5 
Max. 50. 1+ i+7.7 1+3.9 43.7 
June Mean 1|2.5 M 37-5 37.6 
Min. 3I+.6 M 31.0 31.5 
Max. 6l.2(2m) 59.6 57.0 58.5 
Jul. Mean 52.0 51.5 ij-7.9 1+9.7 
Min. 42.8 lj-3.il- 38.8 1+0.9 
Max. 60 .l+(l+ni) M 51+.2 56.9 
Aug. Mean 52.7 M i+6.8 1+8.5 
Min. k k - 9  M 39.3 1+0.1 
Max. 38.9 1H.1* 1+0.7 1+2.2 
Sep. Mean 33.6 35.5 35.0 36.6 
Min. 28.2 29.5 29.3 31.0 
Max. 27.2 20.1 25.8 18.3 
Oct. Mean 22.1+ 15.8 19.1 13.1+ 
Min. 17.5 11.5 12.1+ 8.5 
Max. 3.2 M 6.6 13.3 
Nov. Mean - 3.7 M - 1.2 5.9 
Min. -10.5 M - 8.9 - 1.6 
Max. 0.9 6.1 M - 2.0(E) 
Dec. Mean - 5.2 - 3-i*. M -10.7(E) 
Min. -11.2 -12.9 -21+.5 -19.1+(E) 
1963-1966 data source: Photostats of machine tabulations 
of Shingle Point site records, Can. Dept. Trans., Air 
Serv. Br. 
1967 data source: Copies of Shingle Point site records, 
Can. Dept. Trans., Air Serv. Br. 
1 i+9 





































































































































- 7.7 (6) 
fl-Average monthly temperatures for the decade 
1958-1967. Figures in () are the number of years 
used. Six or more days missing in one month will 
constitute a missing year. 
•JHfMean temperature for the decade 1958-1967. 
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APPENDIX II - PRECIPITATION (INCHES), SHINGLE POINT 
1958 1959 I960 1961 1962 1963 1961+ 
Rain M 0 M 0 0 0 0 
Jan. Snow M 0.30 M 0.20 0.30 0.50 T 
Total M 0.30 M 0.20 0.30 0.50 T 
Rain M 0 M 0 0 M M 
Feb. Snow M 0.20 M 0.02 0.20 M M 
Total M 0.20 M 0.02 0.20 M M 
Rain M M M 0 0 0 M 
Mar. Snow M M M 0.12 0 0.07 M 
Total M M M 0.12 0 0.07 M 
Rain M M M 0 0 0 0 
Apr. Snow M M M 0 0.30 0.20 0.27 
Total M M M 0 0.30 0.20 0.27 
Rain M 0 M M 0 0 0 
May Snow M T M M 0.50 T 0.07 
Total M T M M 0.50 T 0.07 
Rain M T M 1.25 0.06 0 0.81+ 
June Snow M T M 0 T 0 T 
Total M T M 1.25 0.06 0 0.81+ 
Rain M M 0.10 1.31 1.61 0 2.89 
July Snow M M 0 0 0 0 0 
Total M M 0.10 1.31 1.61 0 2.89 
Rain 0.60 2.02 0.81 3.01 0.59 M 0.60 
Aug. Snow 0 0.1+2 0 0 0.10 M 0 
Total 0.60 2.i|4 0.81 3.01 0.69 M 0.60 
Rain 0.86 0.91+ M 0.17 0.15 0 0.09 
Sep. Snow 0.21 0.59 M 0.31 1.15 0.06 0.22 
Total 1.07 1.53 M 0.1+8 1.30 0.06 0.31 
Rain M 0 M 0 0.05 0.50 0.07 
Oct. Snow M 0.33 M 0.28 2.30 2.1+2 0.37 
Total M 0.33 M 0.28 2.35 2.92 0.1+1+ 
Rain 0 M M 0 0 0 0 
Nov. Snow 0.37 M M 0.02 0.11 0 0.1+0 
Total 0.37 M M 0.02 0.11 0 0.1+0 
Rain 0 0 0 0 0 0 0 
Dec. Snow 0.07 0 0.20 T 0.35 0 0.01 
Total 0.07 0 0.20 T 0.35 0 0.01 
Totals for ? ? ? 6.69 7.77 3.75 5.03 
recorded 
months 
M= Data missing for the month. T= Trace 
0= No precipitation recorded. 
Recorded snow measurements are reduced to inches of 
water (ten inches of snow equals one inch of rain). 
APPENDIX II (continued) 
1965 1966 1967 Mean Monthly ppc 
Rain 0 0 0 0 (8) 
Jan. Snow T 0 0.10 0.18 (8) 
Total T 0 0.10 0.18 (8) 
Rain 0 0 0 0 (6) 
Feb. Snow 0.20 0.10 0.20 0.15 (6) 
Total 0.20 0.10 0.20 0.15 (6) 
Rain 0 0 0 0 (6) 
Mar. Snow 1.00 0.1+1 0.07 0.28 (6) 
Total 1.00 0.1+1 0.07 0.28 (6) 
Rain 0 0 0 0 (7) 
Apr. Snow 0.90 0.09 0.73 0.36 (7) 
Total 0.90 0.09 0.73 0.36 (7) 
Rain 0 0.02 0.17 0.03 (7) 
May Snow 1.06 0.08 0.37 0.30 (7) 
Total 1.06 0.10 0.51+ 0.33 (7) 
Rain 0.10 0 2.13 0.55 (8) 
June Snow 0.01 T 0.10 0.01 (8) 
Total 0.11 T 2.23 0.56 (8) 
Rain 1.36 0.85 1.78 1.21+ (8) 
July Snow 0 0 0 0 (8) 
Total 1.36 0.85 1.78 1.21+ (8) 
Rain 1.91 0.87 2.16 -1.1+0 (9) 
Aug. Snow 0.1+3 0 T 0.11 (9) 
Total 2.31+ 0.87 2.16 1.51 (9) 
Rain 0.82 3.03 0.1+0 0.72 (9) 
Sep. Snow 0.1+0 0.22 T 0.35 (9) 
Total 1.22 3.25 0.1+0 1.07 (9) 
Rain 0 0.02 0 0.08 (8) 
Oct. Snow 0.25 0.87 0.76 0.95 (8) 
Total 0.25 0.89 0.76 1.03 (8) 
Rain 0 , 0 0 0 (8) 
Nov. Snow o.i+5 0.39 0.17 0.21+ (8) 
Total 0.1+5 0.39 0.17 0.2I+ (8) 
Rain 0 0 M 0 (9) 
Dec. Snow 0.28 0.06 M 0.11 (9) 
Total 0.28 0.06 M 0.11 (9) 
Totals for 9.17 7.01 9.11+ 7.O6 
recorded 
months 
•»Mean monthly precipitation for the decade 
1958-1967. Figures in () are the number of 
years used. 
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APPENDIX III - ORIGIN OF THE NAME BLOW RIVER 
The following statements are from a personal 
communication dated June 27, 1967, from C. F. Steven­
son for J. Keith Fraser, Executive Secretary, Canadian 
Permanent Committee on Geographical Names. "Blow 
River - Submitted May 8, 192i+ by Mr. B. H. Segre, 
Dominion Land Surveyor who stated, 'The name suggested 
is the local name and is so called owing to the high 
winds which are experienced off the mouth of the river.' 
The Geographic Board of Canada minutes for June 
1921+, file 0886, read, 'Approval was given to use of 
the name Blow for a river crossing the Yukon-Northwest 
Territories Boundary.' 
In 1957 a field party of the Geographical Branch 
worked in the Mackenzie Delta and the coast of Yukon. 
Mr. W. Henoch, a member of the party, sent a list of 
names for the area including the Eskimo name 
Titiguvyoak for Blow River. These names were considered 
by the Advisory Committee on Northern Development, 
following which the name Blow River - not Titiguvyoak 
River was confirmed, ij. June 1959." 
APPENDIX IV - TERMINOLOGY CONCERNING POINT BARS 
Terminology of alluvial features, as generally 
accepted in todays scientific literature, stems in large 
part from the work in the lower Mississippi River and 
delta by the U. S. Army Corp of Engineers Mississippi 
River Commission and Waterways Experimental Station, 
Vicksburg, Mississippi (Thornbury, 1958, p.167). 
Singularly important works, from the morphological 
point of view, have been those of Matthes (1933), 
Russell (1936), Fisk (I9I4J4- and 191+7), Friedkin (1914-5), 
Fisk, et al (19 5U-), Welder (1959), Scruton (I960), 
Coleman and Gagliano (1961).), and Coleman, Gagliano, and 
Webb (196I4.). 
The United States Geological Survey has contributed 
to the literature of alluvial morphology as exemplified 
by Wolman and Leopold (1957), Schumm (1961), and Dury 
(1965). 
The American Arctic delta morphology studies have 
been few with Mackay's work on the Mackenzie delta and 
Walker's work on the Colville delta the outstanding 
contributions. 
European literature concerning alluvial processes 
and form has been dominated by the Swedish geomorphol-
ogists in Uppsala; Hjulstrom (1935), Sundborg (1956), 
Arnborg (19i|.8), and Axelsson (1967). Also notable is 
the work of the English geologist J.R.L. Allen (1965). 
Foremost among the compendiums concerning fluvial 
processes and morphology of rivers and deltas are 
Samojlov (1956), Leopold, Wolman, and Miller (1961+), 
Van Straaten (196L+), Allen (1965), the S.E.P.M. special 
publication no. 12 (1965), Shirley (1966), and the 
International Association of Scientific Hydrology (1967). 
Subsequent to establishment of the Mississippi 
River and delta terminology, problems have arisen when 
descriptions applicable to the large Mississippi system 
features are utilized in studies of smaller river systems. 
Individual investigators have had to qualify their 
terminology to enable valid comparisons because con­
structional and destructional processes and forms vary 
from cited literature for any particular geographic 
location. Descriptions of such large fluvial forms as 
point bars, levees, and flood plains are not necessarily 
in agreement. 
Statements concerning levees and point bars are 
presented here only to provide a brief historical account 
of the evolution of the terms. It is not the intent 
here to provide either definitive analysis of the terms 
or to debate the relative merits of varied usage. 
Point Bars. Prior to common acceptance of the term 
"point bar" the Davision terminology of meander bar or 
meander scroll (Davis, 1913, P.9) was accepted. Melton 
in 1936 (p»-593-609), in his empirical classification 
of floodplain streams, saw fit to reverse the Davis term 
to scroll meander in order to refer to the point bar 
feature as a whole unit. 
Fisk in 191+1+ (p.20) pointed out that confusion 
existed in the use of the term "point bar" because in 
some localities it referred to a minor bar on the in­
side of sharp bends around a "point" of land. 
In 191+7 Fisk (p.33—3I4-) further clarified the term 
point bar as used in relation to the configuration of a 
meandering river by stating that "as the bar grows, a 
series of alternating arcuate ridges and intervening 
swales is developed. This accretionary series, taken 
as a unit, is called a 'point' within the meander loop. 
When referring to the origin of the accretion features, 
the terms point bar or meander scrolls are used." 
With the criticism of the terms "meander scrolls" 
and "scroll meander" Fisk (Ibid) for all intents and 
purposes signaled their demise as useful morphologic 
terms. The "ridge and swale" descriptor became popular 
and has remained so to this day to denote the surficial 
configuration of point bar topography. 
The literature is generally consistent in that the 
convex bank of a meandering river is called a point bar. 
(Wolman and Leopold, 1957, P«91; Leopold, Wolman, and 
Miller, 1961+, p.317; Ailen, 1966, p. 175; and Russell, 
1967, P.25). 
Deviations in describing point bars is concentrated 
in descriptions of origin, general relief, alluviation 
processes, destruction, and migration; or just about 
every characteristic except general topographic outline. 
Sundborg (1956, p.288-291) describes the evolution 
of a point bar as originating on the "sedimentation side" 
of the river as a result of the downstream movement of 
transverse bars that then build up a longitudinal bar 
near the shore emanating from the tip of the meander 
headland, and then growing downstream. Formation of 
point bars is not associated with catastrophic circum­
stances, but is a "more or less continual process, 
governed by the normal morphological activity of a 
meandering river." (Ibid). 
Sundborg (Ibid, p.277) in describing a "headland" 
on the river Klaralven gives the genesis of the sedi­
ments as: "(1) The surface of unconformity was cut out 
by the laterally moving river channel. (2) Bed load was 
deposited by migrating transverse bars. (3) Embryonic 
point bars were laid down on the underlying bed-load 
deposits. (I}.) The point bars formed through the deposi­
tion of suspended material, and their relief was 
accentuated by successive deposits. (5) Fine suspended 
material was deposited almost up to the highest river 
level, and the point-bar relief was smoothed out." One 
or more of the stages may be minor or even missing de­
pending on the local conditions. 
The statement that embryonic point bars are "laid 
down on the underlying bed" infers a distinction between 
original bed load over which a charge of sediment was 
laid down. 
Other authors refer to the origin of point bars to 
be gradual movement of the bed load to less turbulent 
water. Then there is subsequent enlargement as a result 
of the lateral bottom flow or helicoidal channel flow 
(Allen, 1965, p.116; Wolman and Leopold, 1957, P«91; 
Happ et al, 19i|-0, p.77). 
Agreement is almost unanimous that point bars are 
built up to a height just about that of highest flood 
and in general to the same level as the surrounding 
flood plain. This construction commences with the 
arrangement of the bed load, and then further vertical 
accretion by suspended load and organics to the flood 
plain height as the channel is displaced laterally 
across the flood plain (Happ, et al, 191+0, p.77; 
Sundborg, 1956, p.277; Wolman and Leopold, 1957, P«92; 
Allen, 1966, p.175). 
Gross modifications to the point bar topography 
and adjacent channel geometry must be considered when 
anything other than homogeneous sediment type is en­
countered in the cutbanks of the migrating channel. 
Modifications must also be anticipated when deposits 
of coarse material are encountered at depth in the 
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channel thalweg, which is only scarcely mentioned in the 
literature. 
Genesis of these "point bars" then becomes the 
important criterion rather than a general morphologic 
statement concerning an asymetrical channel configuration 
resulting from convex bank deposition and concave bank 
erosion. 
APPENDIX V - TERMINOLOGY CONCERNING LEVEES 
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Russell (1936, p.72-73) briefly reviews the early 
literature concerning levees and states, "The dominant 
constructional land form of the Lower Delta (Mississippi 
River) is the natural levee. The higher lands are lo­
cated almost entirely along the immediate stream-banks 
and form an arterial branchwork that gives the country 
its topographic grain and determines its population 
distribution." 
"In the building of natural levees, sediment-laden 
floodwaters top the river banks and immediately encounter 
resistance due to the friction of flow on the land and 
through vegetation. Thus the quantity of sediment 
deposited is greatest near the stream and diminishes 
marshward. Consequently the levee is lens-shaped in 
cross section, the crest being close to the channel..." 
(Welder, 1959, p.10). 
Axelsson (1967, p.28), citing several authors, states 
"The binding and filtering effect of vegetation increases 
the relief and assists levee building." 
In all literature surveyed levees were noted as 
becoming narrower and lower as the distal portion of 
the delta was approached and mention was usually made of 
the levees continuing subaqueously beyond the subaerial 
deltaic mass. 
Sediment sorting is of more significant contrast 
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between crest of the levee and adjacent marsh than for 
considerable distances downstream on the larger river-
delta systems. The coarsest sediments are deposited 
first with progressive sedimentation in relation to 
sediment size as the flow proceeds down the levee back-
slope toward the backswamp (Russell, 1936, p.77J Allen, 
1965, p.121). 
General considerations of geographic location, stage, 
and water body level must be observed, but usually the 
younger and lower levees are flooded more frequently 
and for longer periods than the older and higher levees. 
Levees are usually thought of as being wedged shaped 
and paired in height, width, and slope by the layman. 
This however must be the exception rather than the rule 
as practically all streams which are sinuous or meandering 
have levees being cutback on the concave portion of the 
bends and accretion on the convex bank opposite. If 
there is appreciable lateral stream movement then a 
reasoned assumption would be that topographically paired 
levees could not exist because of the disproportionate 
periods of time the opposite levees were building. 
Generally levees are better developed on the concave 
portions of streams and rivers (Pisk, 191+7, p.l5? 
Allen, 1965, p.121). 
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